 (RESI—POC—RA—TEZE’) 
BACHELOR FATHER. 


in pion he Pervere Progenitor of «Thon 
He swaps the equities of Stockholders without their Knowledge or Consent. 
Th Deco te Cinergy oth 
_ Carried to its ultimate conclusion we would be taking 

American Industry was built by Science, Initiative, 


GENERAL ALLOYS HAVE GROWS TO THE OLDGST AND LARGEST EXCLUSIVE MANUF. 
RESISTANT ALLOY CASTINGS WITHOUT RECIPROCITY. WE SOLICIT YOUR BUSINESS ON A 


OSE ORGAN O GENER 


TRAY 


eT TF you use trays in pusher furnaces the great 


to Baldomero Barbara Filho bring bad fortune 
( Filho Jr.), my friend trom Rio, cen- That fall I sold her 
trifugal casting originated in Brazil when — all hands in the Car 


his father was a boy Today all the pipe 

made in Brazil is centrifugally cast, from 

1” diameter up, and some with the threads. 7 the latest 

The Brazilian machines for the small the first model “!] Cry 
sizes rotate at terrific speeds. Some are’ delivered, which 
refrigerated. Brazilian practice, on the take pictures o1 

small sizes, is materially ahead of anything the air. It will sp: 

we are doing. Incidentally, we have never — issues 


seen any centrifugally cast thin wall alloy 

tube in diameters over 8” that didn’t leak 

freely under heat. The thick wall or small A VIsItING Brazi 

diameter tubes are good within definite) on English, and had beer 
poetry, memorize 


but weight is uniformly distributed and stresses approxi- 
were going uild a 8 one 

- would take more than three times the steel than 
with one support in the center, cutting the unsup- 
This is just as true ina 
two car garage, or with Ji s blocks. Just — 
Sense” 


Horse 
a, ber that the rails va 


4 rigid enou to 
(See diagram). 


translate signs \fter 
on the Century 
HUMORESOUF 
written on the back 
words fitted the 
yourself, 


ASS-EN-GERS 


from flush-ing toi-! 
is stand-ing in the 
(“I love you” is 
learned by visiting | 


limitations. Centrifugally cast carburizing 
boxes are to date vastly inferior to good 

sand castings. Having no core the struc- oo largest barrel 
ture is bilaminar instead of trilaminar, a flashed into my mind a 
fault that is accentuated in thin section this colossal container 
—at Rye, N. Y. 
about this, and mad 


an Illinois dirt farmer, fourth 
generation raising cattle on the same land, I 
gripe at the deluge of Brazilian corned 
beef sold under Armour’s label, and the 
Kelloggs corn flakes marked “Made in 
Canada” on sale everywhere Farmers 
They ave heating time. 4 hear speeches, ignore trade statistics. 
er rat cont is generally lo wer. a - Smart Brazilians and Canadians tax your 


product and ours heavily 


C. 'TING across the lake from Sandusky 
to Detroit, at about 12,000 feet altitude, I 
got a shot at South Bass Island, from the 
center of which rises the granite shaft of 
Commodore Perry’s Monument at Put-in- 
Bay. Looks passably like the American 
Continent. Last time I put in to Put-in- ad 
Bay, with the Yacht Mindoro, her 4,000 Yes, to a score more * > 
feet of canvas carried a 1” “Frosting” of the Great Dane, pulle¢ © 
June Bugs. We shoveled them off the deck —monia, lies curled : 
while the harbour was illuminated by burn- this out on a new Pore 
ing bug pyres ashore “Boardin’ bugs including case. 


If this rigid tray for two rails weighs 100 Ibs.—then— 


One piece rigid tray on three rail pusher furnace. 
Note that center rail is low and that the tray is —~ BY HH. AR — 
fiding the outer rails only. The stress in this position R 
es Same as above with center rail high and tray cantilev- 
te ered. This stress can approximate seven times normal 
Harris hinged tray. Although center rail is low asin 
"A" the hinged tray distributes the pry on three 
solid trays, until you remem- 
other words there regularities of support, 
is no such thing as which flexing may bring 
Unree point alloy sup- = on earlier fatigue fail- 
pusher fur- sure than would occur 
nace. Alloy trays while where stresses reduced 
4 P seeking tray work on 
tray saving on the first set will more than pay 
can use hinged trays on any three rail 
furnace or install extra rails for maximum 
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lasses, half cup honey, 
ns sugar two tablespoons 
teaspoon salt Boil till it 


water Add but- 
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iter Pour this over 
rice, and you have an 
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Physical Culture 


WE HOPE THAT YOU 


were not among those who bought depres- 
sion furnaces at depression prices equipt 
with depression alloy Then, there might 
have been some excuse for buying “Cheap” 
alloy from second rate outfits, to save 
pennies in first cost 

Lots of “New Babies” have been left on 
people's door steps, in the 
“Economy,” most of them of 
parentage 
Help raise 
punishment ! 
If you prefer not to experiment, however, 
you can specify “General Alloys Alloys,” 
amd be sure of dependable service, proven 


economy, HIGHEST QUALITY 


guise of 
doubtiul 


anybody's baby if you like 
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the snow. 
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trom the Rubes 
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pression member 


hee n te sted by 


monkeys and | 
| H. NpREDS of ELECTRIC FURNACK COMPANY'S Electric and Fuel Fired Furnaces McCormick got 
.é plete with a set 
In operation today have paid tor themselves many many times over. In a large Agricul- 
tural Machinery plant the above furnace has run over ten years with the original General skis, and plaid 
\llovs Roller Rails this worm turn 
| kept right on 
HEN vou investigate the unexcelled records of Electric Furnace ompany s Gas, Ol, 
and Eleetric Furnaces, check up on those veteran pre-depression furnaces and you'll find bug. inside the | 
three out of four of them equipt with Q-Alloy and X-ite mechanism. The splendid reputa- it to a shell 
tion of this pioneer builder of modern mechanical furnaces is based on dependable, 
1% economical performance, a reputation largely built on furnaces equipt with General Alloys 


cast mechanism. While these furnaces carry a standard one vear guarantee, the average 
life of the General Alloys parts is from six to twelve vears 


Is the hght of such records, can vou think of anv reason for not specitving General Alloys 
Castings, ©-Allov, or X-ite, on vour new furnaces 
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CALITE ALLOYS 


POTS 
CARB. BOXES 
FURNACE PARTS 


@ High Creep Strength 
@ Permanent Ductility 
@ Full Engineering Data 


@ Superior Foundry 
Technique 


Send for 
“Design and Selection of Alloys 


for Heat Treating Furnaces” 
and **Calite Pots, Boxes & Retorts” 


THE CALORIZING Co. 


Largest Manufacturer High Temperature Metals 
Note: This statement includes Calorizing Steel--as well as Cr-Ni Alloys 


420 Hill Ave. = Wilkinsburg Sta. « Pittsburgh, Pa. 


ZEISS 


QUARTZ SPECTRO- 


DR. B. LANGE 


SLIT OCULAR 


Transforms any microscope 
[| | into an objective photometer 


OR photometric measurements of 

spectral and X-ray photos, determina- 
tion of light-absorption of microspeci- 
mens, and of fluids in layer thicknesses 
from 0.1 mm. Direct readings of absolute 
density and light permeability values on 
dual scales of Multifiex Galvanometer. 


Price, Slit Ocular with Photo-Cell 
and Illuminating Apparatus with 
two spare bulbs, in cabinet, $150. 


Particulars on request 


Pfaltz & Bauer. Inc. 


EMPIRE STATE BUILDING, NEW YORK 


COMPLETE EQUIPMENT FOR USE IN 
QUANTITATIVE SPECTRUM ANALYSIS 


GRAPH QU 24 possesses 


an optical system of high 
luminosity. Maximum 
effective aperture ratio of 
F/11.5. Exceptional def- 
inition combined with flat 
spectrum. Uniform resolu- 
tion over whole ratio from 3,000 to 5,800 
Au; lines with a_ difference of 0.348 
A.E. are sharply separated. Uses ordinary 
plates of standard thickness. Rigidly con- 
structed, simple in operation, adjustments 
nnecessary. 


FEUSSNER SPARKING APPARATUS 
~atented). A rotating spark gap driven by 
synchronizing motor assures perfect con- 


stancy of spark necessary for accurate quanti- 
tative analysis. 


SPECTRUM LINE PHOTOMETER pe-:- 
mitting accurate and reliable objective photo- 
metric evaluation of spectrograms for quanti- 
tative analysis. 


SPECTRUM PROJECTOR supplies oa 
sharply defined image of the spectrogram at 
a magnification suitable for visual evaluation. 


Pacific Coast Branch, 728 South Hill Street, Los Angeles, Calif. 


—— ZEISS, Inc. 485 Fifth Avenue NEW YORK,N.Y. 
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eadership 
in TESTING 


methods and equipment 


Practically every steel company that estab- 
lished a testing laboratory during the past 
; five years purchased Southwark -Emery 


Hydraulic Testing Machines...purchased 


also, in most cases, Southwark Stress- 
Strain Recorders. It would be difficult 
to find a modern laboratory in which 


Southwark Testing Equipment is not used. 


BALDWIN-SOUTHWARK CORPORATION 
SOUTHWARK DIVISION, PHILADELPHIA 
Const PELTON WATER WHEEL CO. Sen 


J TESTING MACHINES + STRESS-STRAIN RECORDERS and CONTROLLERS 
EXTENSOMETERS, STRAIN GAGES ¢ VIBROGRAPHS e TORSIOGRAPHS 


Temperature Effects 


(Continued from page 510) 
changes brought about by prolonged heating are 
well known to metallurgists, and such changes may 
develop new properties which must be taken int 
account. The loss of impact strength which may 
occur after holding steels at embrittling tempera. 
tures is not revealed until cooled to room tempera- 
ture. Toughness is restored by proper reheating 

In addition to phase changes, an intergranular 
penetration by gases has lately been noticed; it 
lowers elongation and occurs without apparent 
surface deterioration. Chromium, the antidote for 
oxidation, seems helpful against this difficulty. 

The following is offered as a safe generaliza- 
tion for service up to visible redness: For resistance: 
to deformation alone and in the absence of marked 
attack by surrounding media, carbon steels con- 
taining molybdenum may be used. For greater 
chemical inertness, from 2 to 9 chromium is used 
as the principal alloying element, with its resist- 
ance to creep reinforced chiefly by molybdenum, 
tungsten or both. 

A low red heat (say 1100 or 1200° F.) seems 
to be the limiting value for the above class of phe- 
nomena for the reason that below such a tempera 
ture the surface attack is ordinarily not serious 
and some steels are so markedly superior in cree; 
resistance as to compel their use. On the other 
hand, above a red heat, all steels tend to reach th 
same very low degree of tensile strength, and resist- 
ance to hot gases becomes the determining criterion 
of serviceability — with enough metal needed | 
take care of the stress. Because of their toughness, 
with excellent resistance to “sour” crude oils, We 
find the 5% range of chromium steels used in 01 
refinery still tubes at temperatures barely above 4 
red heat. For certain vapor-phase cracking we m4) 
find temperatures as high as 1650° F., and here th 
very high chromium steels are in use. 

Oxidation resistance of, say, 28° chrom! 
steel is not due to its intrinsic “nobility” toward ho! 
oxygen, but rather because of the protecting scales 
formed, and their ability to seal off the penetra‘io! 
of hot oxygen by their enamel-like characteristics 
which must meet many requirements of cens') 
impermeability to gases, resistance to therma 
fatigue and coefficient of expansion. For surtac 
stability at high temperatures, 20% and more “' 
chromium is generally used with or without nick! 
Surface stability may be imparted by titanium ° 


aluminum, in which case the chromium may 

lower than in the preceding categories. 
Stabilization against susceptibility to mbrit- 

tlement is imparted by molybdenum, titan) im 2 


particularly columbium. 
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Mahr furnaces and allied industrial equipment for the heating 
of metals have a practical application to every operating rail- 
road. This particular field has been studied and supplied by 
this company for over twenty years. 

Mahr torches, blowers, burners, rivet forges, tool and forg- 
ing furnaces, etc., are found as part of the working equipment 
of railroads all over the United States and in other parts of the 
world. 

The quiet years, 1930-1936, were years of development 
in metal treating. Truly great advances in industrial metal 
heating practices have been made. Mahr has had a vital part 
in this progress and is offering to the railroad industry the 
practical and economical benefits of that experience. 


Sales Engineers in Industrial Centers 


MAHR MANUFACTURING CoO. 


DIVISION OF DIAMOND IRON WORKS, INC. 
MINNEAPOLIS, MINN., U.S. A. 


om AHR CAR-TYPE FURNACE is particularly adapted to the 
. ‘ing of long sections — up to 25 feet in length. 

: * under fired, insuring uniformity of heating. 4-zone 
ture control. Alloy stock supports. Numbers | and 2 show 
* pimion car moving mechanism, with clutch control. 


tern; 


rack 
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PROBLEMS 


ALL EQUIPMENT FOR METAL TREATING 


GAS. ELECTRIC+- oI 


of Railroads 
—_ 
Bie 
a | 


Control 


—right from 
the Start 
for — 


aennyn control of all process- 
ing from selection of the 


BASIC 


ELECTRIC melting charge to the finished 
STEEL condition is the N. F. & O. guar- 


antee of quality in forgings fur- 
FORGINGS nished to your specifications — 
Smooth Forged, Hollow Bored, 
Rough or Finished Machined. 


NATIONAL FORGE & ORDNANCE CO. 


IRVINE, WARREN COUNTY, PENNA., U.S. A. 


Specimen Cutter 


and Grinder 


A New Tool for the Metallurgist 


High power and speed, safe to oper- 
ate. Safe for your specimens, easy to 
control. A newly designed swing arm 
carriage holds specimens up to 114”. 
Perfect radial and axial alignment is 
guaranteed. Water stream or tank 
cooling. Indispensable for cutting 
conveniently Metallurgical specimens 


OPTICAL INSTRUMENTS » METALLURGICAL APPARATUS 
228 NORTH LA SALLE ST.+* CHICAGO ILL. 


Low Draw 


(Cont. from page 534) of stress (the transforma. 
tion of a martensite into 6 martensite), and the 
formation of cubic a-iron lattice. Hardness. 
strength and toughness increase to a maximum 
as a result of this precipitation hardening. 

Second stage (from about 300° F. to about 
900° F.): Continuing growth of coarser carbide 
particles causes a drop of strength and tough- 
ness. Simultaneous decomposition of retained 
austenite also decreases the toughness. It also 
tends to increase the strength of the steel, but 
this influence, as well as its associated carbide 
coagulation, is fully counterbalanced by the 
continuous decomposition of the martensite. 
Thus, it is again shown that in structural alloy 
steels the amount of retained austenite plays a 
less important role than the amount of carbides 
fixed in solid solution by quenching, and precip- 
itated during tempering. 

Third stage (above 500° F., more or less, 
to Ac,): The decomposition of martensite 
(decarburization of hexagonal alpha iron) grad- 
ually becomes complete, and the coagulation of 
carbides has the predominating influence on the 
mechanical properties of steel. The strength 
continues to decrease and the toughness 
increases, having passed its minimum. 

As the transformations at low temperatures 
proceed slowly, prolonged soaking at any tem- 
perature is equal to a shorter soaking at a some- 
what higher one. 

All the phenomena described become more 
evident with the increase in the amount ol 
carbides fixed in the solid solution by quenching 
from a higher and higher temperature. The 
increase of hardening temperature is limited b) 
the austenitic grain growth, and the gain in 
toughness to be had in the described manner !s 
rather small in the case of coarse-grained steels 
The influence of overheating (grain growth) 
will more or less prevent a gain in toughness !f 
the first stage of tempering, as is shown )) 
Luerssen and Greene’s investigations on coarse 
grained tool steels (see, for instance, 7ransa™ 
lions &, 1934 and 1935). 

In the author’s opinion, the difference 
in grain size is the true cause of variable results 


in the toughness versus tempering curves 
obtained by various investigators. 
B. 
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Flectrical and magnetic alloys of iron, nickel, cobalt and chro- 


mium must be melted and heat treated in closely controlled atmos- 
pheres. This article describes Westinghouse’s department for doing 
this and contains much information on the gas preparation and control 


Melting and Annealing 


of Eleetrieal Alloys | 


A GROWING Group of special alloys has Cupaloy — Alloy of copper and chromium 
a become important in the manufacture of having high strength and hardness. Used for 
electrical products. They are for the most part high strength, current carrying parts of rotating 
made from relatively expensive ingredients, machines and for spot welder electrodes. 
such as nickel or cobalt, and perform some tech- Konal — Alloy of nickel and cobalt having 
ical function in present-day apparatus. In high emissivity and strength at high tempera- 
ontrast with alloys devised for mechanical ture, for electronic tube cathodes and springs. 
strength or structural stability, they are designed Modified Invar— Magnetic material with 
to have special magnetic, electrical, or thermal properties sensitive to temperature changes. 
characteristics. They are produced in small Used for relays. - 
quantities, in comparison with tonnage steels, Electrical energy plays an important part 4 
though their dollar value is high. They assume in the fabrication of these alloys, chiefly in the | 
their vital position because they fill a technical melting and heat treating operations. Melting 
requirement around which a whole device is in an induction furnace permits an accurate 
designed. control of composition, a correct temperature 
A few of these materials familiar to elec- control and the use of special gaseous atmos- gy 
trical engineers and with which the authors have pheres, Electric annealing or other heat treat- eke 
had experience are: ment is a convenient and economical means of r 
Hipernik — High permeability, low-loss providing precise cycles of heating and cooling 
magnetic alloy of iron, nickel, manganese, and with atmospheric and moisture control. 
‘ilicon. Used for current transformers, relays, A description of the plant installed by oa 
and similar devices. Westinghouse Electric & Mfg. Co. and equipped q 
| Aovar — Alloy of iron, nickel and cobalt, to make the alloys mentioned will be given to 
Having thermal expansion equal to glass and illustrate the part electricity plays in a practical . 
veing readily “wet” by molten glass. Used for solution of some special and difficult metal- - 
netal-to-glass seals in electronic tubes. lurgical problems. 


Requirements of Alloy Manufacture 


By D F. Mi . 
Miner and J. B.S . 
and J B eastone Let us first examine three of the above men- 


Engineering Division tioned alloys and consider the factors requiring a 
estinghouse Electric & Mfg. Co. special control in these cases. Hipernik is an 
East Pittsburgh, Pa. alloy of iron and nickel, in approximately equal 
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Power Plant for High Frequency Induction Furnaces. Main equipment is 
motor-generator set for d.c. power to drive second motor-generator set producing 
5000-eyele a.c. power. Bank of special capacitors appears at top in background 


proportions, te which small quantities of man- 
vanese and silicon have been added. (See T. D. 
Yensen’s articles in Journal of the Franklin Insti- 
tute, 1925, and Progress, June 1932.) The 
alloy is useful because of its high initial and 
maximum permeability, and because of its low 
hvsteresis loss — both important items in cur- 
rent transformers, 

The relative quantities of the ingredients 
in the alloy are not critical. For example, the 
nickel may range between 47 and 52‘. and the 
manganese between 0.5 and 2.0°. with no appre- 
ciable effect on the desired characteristics. How- 
ever, the significant characteristics of hipernik 
are exceedingly sensitive to the oxygen and 
sulphur content and to a lesser degree to carbon 
contamination. Changes in oxygen so small as 
to defy measurement may produce a change in 
the maximum permeability from 20,000 to over 
100,000, This represents, of course, a five-fold 
change in properties. 

As another example, consider kovar, an 
alloy of iron, nickel and cobalt used in sealing 
vlass with a high softening temperature. It was 
developed in the Westinghouse Research Lab- 
oratories by Howard Scott and has been 
described in Journal of the Franklin Institute, 
December 1935. Other materials are not 
so satisfactory for this application because 


thermionic tubes must be exhausted at high 
temperature and the available materials ithe, 
do not match the expansion characteristics of 
the hard glass required for this service or ar 
so expensive as to be impracticable. It is esse. 
tial that the expansion characteristics of thy 
metal closely match those of the glass over the 
operating and fabricating temperature ranges. 
and this is, of course, especially true for larg 
tubes. Smaller pieces, such as the glass-to-meta| 
seals used in metal radio receiving tubes, are fay 
less critical but a high order of similarity is stil! 
desirable. 

The expansion characteristics of kovar ar 
critically dependent on exceedingly close contro! 
of composition. The desired match between 
metal and glass expansivities is most nearly 
achieved (with glass available commercially) 
when the mean expansivity between room tem- 
perature and the inflection temperature of th 
glass (450° C. or 850° F.) is about 4.5* 10°. A 
very small change in composition is sufficient to 
raise this to a value that would prevent a satis- 
factory seal in a large tube. The problem is 
further complicated by the fact that, in common 
with other high nickel alloys, the workability of 
the material is sensitive to contamination by 
sulphur. It is not practicable to counteract 
sulphur, particularly in the presence of oxygen, 
by means of manganese additions (as is fre- 
quently possible) because of its adverse effect 
on the expansivity. 


Oxidation Losses Reduced 


Still another instance is cupaloy, an age 
hardenable copper alloy. In melting, prior to 
casting in ordinary foundry equipment, chro- 
mium must be added in the form of a chromium- 
rich copper master alloy. This master alloy !s 
difficult to prepare, not because of requirements 
as to controlled composition, nor because 0°! 
sensitivity to the presence of impurities, but 
because of the very high chemical activity of ‘he 
chromium and the fact that a proper muxtur 
is not formed except at exceedingly high tem 
peratures. With ordinary melting equipmen! 
such as gas furnaces, a large part of the chro 
mium would be oxidized and its price ts se high 
as to make this loss prohibitive. 


In brief, then, we may find electric melting 
or annealing equipment advantageous (« vher 
impurities must be held to very low values. ® 
in hipernik, (b) when composition mus! 

wh 


very closely controlled, as in kovar, or ( 
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div difficult temperature conditions are 


sp 
oupled with high chemical activity, as in the 
copper-chromium hardener, 


Melting Equipment 


fhe metallurgical equipment in the alloy 
plant may be considered under two heads, the 
melting equipment and the annealing apparatus. 
fhe melting equipment comprises an alternator 
ind power supply, capacitors, and the high 
frequeney furnaces. 

fhe alternator is a low voltage, high fre- 
quency machine of the inductor type, which 
supplies about 150 kva. at 5000 eveles; it is 
driven by a variable speed direct current motor 
ind this motor obtains its power from a variable 
voltage, direct current generator which is in 
turn driven from the 60-cycle supply by a syn- 
chronous motor. This arrangement permits a 
very flexible speed or frequency control. The 
furnaces, which constitute a highly reactive 
load, are coupled to the alternator through a 
capacitor unit and the entire circuit is ordinarily 
operated near the point of series resonance. 

The capacitor unit is as yet experimental, 
ind employs new equipment. A rating of 43 


kva. is secured in a unit only 13%, in. high, 1314 
in. long, and 5 in. wide. This is accomplished 
by cooling the capacitor units by means of inter- 
nal cooling coils placed within the capacitor case 
and operates by markedly reducing the temper- 
ature gradient within the unit. Eight series- 
connected banks, each consisting of six 550-volt 
capacitors are connected in parallel. The 
capacity in use is varied by circuit breakers to 
cut out the banks not required; further control 
is by slight adjustments in frequency. 

The high frequency furnaces are more or 
less conventional types and are various in size. 
Each has a suitable mechanical supporting 
structure, a water-cooled helical primary which 
surrounds the charge and the crucible. The 
latter may be of magnesite, zirconia, or graphite, 
depending on the alloy to be melted. The fur- 
naces have tight covers and are ordinarily 
operated under a hydrogen atmosphere, which 
may be supplied either of commercial purity or 
especially purified and dried as the occasion 
may demand. 

Electric 
advantages in the semi-commercial manufac- 
ture of alloys of the type named: (1). Close 
control of the time-temperature cycle is possible; 


melting practice presents five 


Three Medium Sized Furnaces Idling. and a Larger One Pouring 


a 260-lb. Ingot of Hipernik (lron- Nickel Alloy) Into a Chill Mold 
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the power input to the furnace is readily con- 
trolled and the clean surface of the melt permits 
accurate temperature determination. (2). There 
is no contamination from fuel nor from elec- 
trodes and it is possible to produce a melt of 
substantially higher purity than is possible by 
other methods. (3). The magnetic field set up 
by the high frequency current in the coil causes 
a moderate amount of stirring in the melt and 
this tends toward a very uniform product. If 
slays are used, this stirring accelerates the reac- 
tion at the slag surface. (1). The loss of chem- 
ically active clements is very small, due to the 
fact that the furnace can be tightly closed and 
operated under neutral or reducing atmos- 
pheres. (5). Marked purification occurs when 
certain alloys are melted under a blanket of 
hydrogen. 

Experiment has shown that controlled 
annealing cycles designed to purify some metals 
and to impart desirable magnetic characteristics 


to hipernik, for example, must provide /¢ 
accurate control of time and temperature cycles. 
(b) a supply of pure moisture-free gas, 

suflicient volume of gas to scavenge the furnag 
atmosphere and remove reaction products. (¢ 
isolation of the furnace charge from the effects 
of moisture given off by the refractories in {hy 
furnace lining, and (e) temperatures hig! 
enough to allow chemical reactions to proceed 


at reasonable velocity. 
Annealing Equipment 


The annealing equipment consists of fou 
main parts; first, gas circulating and purifving 
equipment; second, gas control equipment: 
third, electrical power and control devices, and 
lastly, the furnaces with their directly associated 
equipment. 

The furnaces are of the conventional bel! 
type and comprise a metal shell with a refrae- 


Westinghouse’s Department for Making Magnetic and Electrical Metals. At upper 
right corner are the melting furnaces, separated from the power plant by a screen. 
{t lower right are three large annealers; at left is gas preparation plant and control board 
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lining from which the resistors are sus- 
pended. The charge is stacked on a series of 
iron plates which are supported by pins placed 
at many points, and the entire assembly is 
covered by an inner shell of iron. If very high 
temperatures are used (say up to 1250° C. or 
») F.) this construction is only possible with 
furnaces that are no larger than a few tons in 


capacity. 
\s has been pointed out, certain cycles 


The annealing furnaces are connected to these 
headers (in some cases through heat inter- 
changers) and the rates of flow are controlled 
by valves at the headers. 


Gas Purifying System 


Gas leaving the furnace through the exhaust 
manifold passes first through a water cooled 
tower which lowers its temperature to about 

30° C. (85° F.). Under certain conditions 

of operation moisture is condensed in this 

cooling unit, and the gas goes through a 

bafled chamber which throws out any 

entrained moisture and dust, and then 
moves into the circulating pump. At the 
pump the pressure is raised sufliciently to 
overcome the friction loss in the system, 
and the gas moves into a second cooling 
unit which removes the heat of compres- 


sion. Such coolers are essential since the 
efliciency of the subsequent driers is 
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dependent upon temperature. 

A purifying tower containing moist 
potassium hydroxide is the next unit in the 
gas train; in this tower sulphur dioxide, 
hydrogen sulphide or carbon dioxide are 
removed if present. The gas then passes 
into a mechanical filter which consists of a 
bed of alumina powder. From this it 
enters one of two drying towers which 


Bell Type Annealing Furnaces 


contain a large body of activated alumina 
and suitably disposed cooling coils. To 
insure continuous operation, one drying 


tower is used while the other is being reac- 


Diagrammatic Representation of Gas Circulation System 


lor Kemoving Harmful Gases Picked Up in Annealers, 
and Auxiliary Circuit for Re-Activating the Alumina 


require relatively high quantities of gas in order 
‘0 Maintain the atmosphere within the furnaces 


al the proper purity. This sweeps considerable 


ical trom the furnaces, and economic as well 
as technical considerations dictate the use of a 

weal exchanger, These are built as part of the 


ru e bases and are modifications of a con- 
ventional surface condenser, wherein tubes for 

coming and outgoing gases are provided 


iMles to facilitate heat transfer. 

shown diagrammatically on this page. 
circulating system is a closed circuit 
ig of pump, purifying and drying tow- 
ling towers, and metering equipment, 
ed to main intake and exhaust headers. 
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tivated. Gas leaving the drying unit passes 
through a conventional dry type gas meter 

and then to the inlet manifold. 
Successful operation of this system 
depends largely upon the successful fune- 
tioning of the equipment for measuring the gas 


and controlling its flow. 
Gas Control for Safety 


If the usual reducing atmospheres (such as 
hydrogen, cracked ammonia or cracked natural 
gas) are used, the purity of the gas is a matter of 
considerable importance, first as reflecting the 
safety of operation, and second as an index to 
furnace conditions. Continuous indications of 
the composition are obtained by means of a 
density meter, an instrument which comprises a 
constant speed, motor-driven centrifugal blower 


driving a sample of the gas through an orifice, 
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and a means of measuring the pressure drop 
across this orifice. The device is quite sensitive. 
Pure hydrogen gives a reading of 0.28 in. of 
water, pure nitrogen about 1 in. of water, and 
each atmosphere that is a combination of these 
two vives its own definite reading. — Inclined 
liquid) pressure gages insure accuracy. The 
device is also reasonably quick in response, as 
no more than a minute is required to take in a 
full sample of gas and to expel substantially all 
of the previous sample. 

livdrogen or nitrogen, when used, is sup- 
plied in evlinders which are connected to high 
pressure manifolds and from which the pressure 
is reduced by means of standard gas regulators. 
This make-up gas at low pressure is admitted to 
the circulating system at the inlet to the pump 
which is the point of lowest pressure in this 
system, and which is always maintained at a 
small positive pressure with respect to the 
atmosphere. This is believed to be essential for 
most reducing gases, to avoid the danger of an 
explosion if a leak should develop. The pressure 
differential with respect to external conditions 
is automatically maintained at previously 
determined value, first by a pair of regulating 
valves of conventional diaphragm = type, con- 
nected in parallel. If both of these should fail 
(a rather remote possibility) a pair of electri- 
cally operated solenoid valves controlled by a 
diaphragm type switch come into operation. If 
the electrically operated valves are required to 
function for a period exceeding 45 sec., as in 
the event of a large leak requiring more 
make-up gas than can be supplied by the pres- 
sure operated valves, or by the failure of the 
diaphragm valves, an alarm is sounded. 

Inlet and outlet pump pressures together 
with the pressure of the make-up gas are also 
indicated on the control panel (the latter is 
located directly in front of the desk in the view 
on this page). If the pressure of the make-up 
gas should fall below a predetermined limit due 
to depletion of the supply or failure of primary 
gas regulators, an alarm is sounded. Under 
certain operating conditions it is possible to 
build up an abnormally high pressure in certain 
parts of the circulating system. If this pressure 
is not relieved, the furnace seals blow out, and 
an electrically operated solenoid valve of large 
capacity, actuated through a pressure control 
switch, is set to release gas from the system at a 
predetermined value. 

Moisture content of the gas is a factor of 
paramount importance in annealing some mate- 


Equipment for Analyzing Gas Atmospher: 
and Controlling Its Flow Is on Board Im- 
mediately in Front of Desk. Pyrometric con- 


trol and record of annealers on other panels 


rials. Its dryness is checked by accurate | 


urement of the dew point (which may ly 


below zero). A dew point meter, develop: 


this purpose, consists of a glass cylinder ter 
nating in a polished metal cup which is weld 
to it. This glass evlinder is placed within 


larger one and the gas whose moisture con! 


is to be determined is passed throug! 


annular space between the two cylinde! 


Acetone is placed in the inner metal cuj 


cooled by dry ice until moisture or frost is > 


to condense on its surface. The tempet 
then read. The method of measuring d 

is simple and quite accurate since reading 
be made to = 2° C, 


Electrical Power Devices 


In actual operation it is frequent! 


i 


sary to change the volume of the gas beis 


culated. Smooth control is essential il 
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s are to be avoided; this is accomplished 


sul 


hy driving the pump with a separately excited, 


dir t current motor. Power is supplied to this 
motor from a variable voltage, direct current 
venerator Which is driven by an_ induction 
motor. Further adjustments in gas pressure are 
accomplished by changing the setting of an 
electrically driven, motor operated valve which 
by-passes the pump and is controlled from the 
central panel. 

fhe photograph shows the control panels 
at right foreground alongside the two activated 
alumina towers in the left background. The gas 
control panels contain, in addition to the density 
meters (analyser) pressure gages for new gases 
in evlinders and valve controls and signal lights 
for them, controls for pumps and by-passes, 
pump inlet and outlet pressure gages, exhaust 
valve controls, time delay relays signal 
relavs. Panels at either side of this one have 
pyvrometric controls and recorders for the vari- 


ous annealing furnaces. 
Manufacture of Hipernik 


lo illustrate the application of the equip- 

ment in the manufacture of special alloys, the 

melting and annealing of hipernik will now be 
ithined. 

\ magnesite crucible is placed in the melt- 
ig furnace and electrolytic nickel, Armeo iron, 
nanganese and silicon are weighed, mixed and 
larged. A blanket of hydrogen is maintained 
ver the charge during the entire melting evele. 
\fter the metal has become molten, the tem- 
perature is raised to the proper value for 
pouring and held for several minutes during 
‘hich time vigorous stirring is induced, and 
the hydrogen blanket reacts with the charge and 

removes impurities. At the end of the holding 
260-Ib. ingot is cast into a chilled mold 


(¢ the furnace is ready for another charge. 
‘his ingot is forged to a billet and rolled into 
steel or strip, ready to be stamped into suitable 


pu tus. These are returned for annealing. 
lirst step in the annealing process is to 
punchings with a refractory oxide to 
sticking together. The punchings are 
in little piles on plates, racked up on 
we base, and, as a next step in the 

dried carefully under an open bell. 
ration is fundamental to the subsequent 
‘tment since if all moisture is not 
‘at a reasonably low temperature, 
will remain and be evolved while some 


of the charge is at a very high temperature and 
subject to spoilage. 

The inner cover and furnace bell are then 
placed over the dried charge and power is 
applied. Hydrogen is admitted to the furnace 
at the lowest temperature that is safe (about 
690°C. or 1200° F.) and enough gas is passed 
through the furnace to scavenge it. Inlet and 
exhaust valves to the manifolds are then opened 
and the furnace is brought to the annealing 
temperature. During the entire soaking period 
the gas is maintained at a dew point corre 
sponding to a temperature of —30° C. or lower 
(less than 0.20) grains moisture per cu.ft.). 
A certain amount of oxygen is always present 
on the surface of the punchings and the sup 
porting members in the furnace, and this reacts 
with the hydrogen, forming water vapor. I 
insuflicient quantities of gas are passed through 
the furnace, the proportion of moisture so 
created in the annealing chamber itself will be 
much higher than that of the entering gas, and 
the benefits of the dry gas will not be obtained. 

After the soaking period has been com 
pleted, the metal is cooled at the desired rate 
by controlling the gas velocity. 

The processing of hipernik has been given 
because it illustrates most of the features 
involved in the use of the plant equipment 
described. Both the melting equipment and the 
annealing department were originally built: to 
meet the requirement for this material. Hipernik 
has been produced in substantial tonnage for a 


number of vears. 
Adaptability to New Alloys 


The adaptability of the plant to the making 
of other metals with widely different critical 
features shows its inherent flexibility. By the 
use of small melting furnaces, experimental 
quantities of new alloys can be made economi- 
cally vet under conditions approximating later 
manufacture on a larger seale. Similarly, a 
number of small annealing furnaces connected 
as desired to power and gas systems are used in 
giving special heat treatments to small quanti- 
ties during the development stages of new prod- 
ucts. Thus we have combined the needs of 
development operations with larger scale com- 
mercial production of technical materials. This 
helps to reduce the hazards encountered in 
bridging the inevitable gap between laboratory 
experiments on new materials and their produc 


tion in quantity. 
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Birmingham was host to another openhearth conference, one 
of many held by members of the A. 1. M. E. interested in 
steel making. Mutual problems of blast furnace operator 
and steel melter were discussed with the utmost frankness 


Iron and Steel Producers 


Meet at Birmingham 


THe 20th National Openhearth Conference 
* was held in Birmingham, Ala., early in 
April, in conjunction with meetings sponsored 
by the Blast Furnace and Raw Materials Com- 
mittee of the American Institute of Mining and 
Metallurgical Engineers. A registration of 257 for 
the openhearth meetings and 150 for the blast 
furnace and raw materials sessions is a compli- 
ment to the men who arranged the excellent 
program, particularly the local committee 
which did much to make the meeting a success. 
The two groups met in parallel sessions, except 
for a joint one devoted to the effect of pig iron 
on the quality of steel. Many expressed the 
opinion that the meeting was one of the most 
successful of its kind ever held. 

Birmingham, situated in a valley between 
two ranges of hills, offered an ideal setting for 
such a meeting. As an industrial site it is 
unique. All the raw materials required to pro- 
duce iron and steel are available within a short 
radius. Red Mountain to the south contains 
large deposits of ore, the hills to the north con- 
tain the coal and the valley between is under- 
laid with limestone. While the geographical 
location of raw materials is almost ideal, the 
grade of ore and coal presents problems in 


By T. L. Joseph 


Professor of Metallurgy 
University of Minnesota 


mining and preparation. About four-fifths of 
the metallurgical coal is washed, compared t 
about one-fifth for Pennsylvania and one-eighth 
for West Virginia. The iron ore of Alabama 
contains 35 to 37°. iron compared with an 
average of 51.5‘. iron for Lake Superior ores 
Naturally this increases the expense of getting 
proper raw materials to the furnaces, and melt- 
ing and handling large quantities of slag during 
the smelting. 

Following the plan of previous meetings 
a list of prepared questions was discussed 
Some of the questions were introduced with 
short papers but most of the time was devoted 
to informal discussions of refractories ane 
furnace construction, quality of steel-making 
pig iron, steel quality, and metallurgical pro! 
lems. The last session was devoted to salel) 
and various details of openhearth practic 
While few of the discussions pertained spect 
cally to quality of product, important features 
of practice that govern ingot structure ene 
surface and steel quality were covered. 


Nature of *“*Immature” Slag 


At the opening session G, D. Tranter, § 
eral superintendent of the American Roll 
Mill Co., pointed out that the steel industry 
changing rapidly and is searching constant! 
for closer control of the openhearth 


and quality of product. He emphasized " 
prove 


ne 
proc 


need for super-refractories and for 
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in the efficiency of heat 


mit 

transfer. Casting of steel into 
laruc ingots, necessary to produce 
larve slabs and wide sheets, has 


magnified the difficult problem of 
seuregation in the ingot. Refer- 
ence Was made to experiments 
now in progress on direct pouring 
of the steel on rolls —a_ proce- 
dure short circuiting the ingot, 
but one that presents operating 
difficulties vet to be solved. 

In a discussion devoted 
largely to refractories, W. J. 
MeCaughey of Ohio State Univer- 
sity touched upon the important 
question of slag control. Improved 
methods of controlling the iron 
oxide in the slag are now recog- 
nized as one of the most impor- 
tant developments in openhearth 
practice. Iron oxide control gives 
closer regulation of the process 
and more satisfactory perform- 
ince of the steel in the customer's 


plant. 

Professor McCaughey’s micro- | 
scopic work shows that an imma- 
ture slag may contain 25 to 306 : 
of suspended particles not in solu- 
tion in the slag. The concentra- 
tion of iron oxides in such a slag 
is high, but it decreases when the Ladling Of a Slag Scum From Steel 
undissolved particles such as Ingots in Openhearth Dept., Ford Motor Co. . 
di-calcium silicate go into solu- . 
tion. In a mature slag or a finish- 
ing slag the di-calcium silicate is in solution in One openhearth operator specified that 
a well dispersed system. ideal pig iron should be 100° hotter than aver- ; ime 

lt is well recognized that a more complete age temperature (or about 2700" F.) and that | 
understanding of the openhearth slags is needed it should contain a maximum of 0.50, silicon, ; es 
'o deal quantitatively with the active iron oxide. a maximum of 0.025¢ sulphur, about 2.0° ¥ 
In addition to knowing the compounds present manganese and no nitrogen. Another proposal eh 
in the solid slag, it will be more necessary to was to place the upper limit for sulphur at 
know something concerning the relative activity 0.020'. since sulphur can be removed more : 
“I the molten slag at steel making temperatures. readily in the blast furnace than in the open- se 

hearth. 
Better Pig Iron for Steel Makers Blast furnace operators agreed that it would 
| be difficult if not impossible to meet these : 
| e joint session of the openhearth and specifications with present raw materials and 
blast furnace groups afforded an opportunity equipment. However, impossible as these spec! 
101 nhearth operators to state the kind of fications for pig iron may appear to them, if Th 
n cy preferred and for the blast furnace is well known that sulphur control is’ very | | 
rs to point out the difliculties which important in the production of deep drawing 
: v to be encountered in the manufacture steel. With steel containing 0.020, sulphur the 
iron, segregation of this element would be compara- 
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tively small, permitting a much lower sulphur 
content in the center of sheets rolled from the 
top slab of the ingots. However, in view of the 
difficulty and added cost of producing low 
sulphur iron in the blast furnace, the situation 
suggests a careful study of sulphur control in 
the openhearth, particularly as to the amount 
of sulphur in the finished steel that came from 
the hot metal charged, as compared with the 
amount absorbed from the fuel. 

The most hopeful point discussed regard- 
ing the quality of pig iron was the importance 
of uniformity in analysis. It was brought out 
in the discussions that more satisfactory results 
are obtained when all the lime is supplied as 
raw lime in the initial charge. If the silicon in 
the iron varies widely it is difficult to determine 
the proper limestone charge. Since the FeO in 
the slag, and the sulphur distribution between 
slag and metal-—both essential features of 
control — depend upon the basicity of the slag. 
the importance of holding the silicon uniform 
is readily understood. With varying silicon 
content the difliculty of avoiding soft heats 
was discussed. It appears that more attention 
and credit should be given for the production 
of iron of uniform analysis and that some 
uniformity index would constitute better 
appraisal of quality than many much more 
obscure characteristics, such as the amount of 
oxides and gases present. 

With reference to oxides in pig iron, your 
reporter presented data on the oxides in basic 
iron produced over a period of several months. 
While the iron contained unreduced oxides, 
there was no evidence that they persisted 
through the openhearth refining process. Oxides 
coming in with the iron do not tell the whole 
story, for comparatively large amounts of FeO 
are of course introduced into the steel bath to 
eliminate carbon. It is also true that silica as 
such (or as silicates) does not persist in the 
presence of large amounts of FeO. The intro- 
duction of FeO, the principal oxide in steel 
before the addition of deoxidizers, and its subse- 
quent elimination are basic features of this 


strongly oxidizing process. 
Points About Steel Making 


The high price of scrap prompted a discus- 
sion of the use of higher percentages of hot 
metal in the openhearth. Foaming slags pro- 
duced after hot metal additions are diflicult to 
handle in stationary furnaces; they also retard 


heat transfer to the bath and prolong the \jeat. 
No satisfactory means was advanced for |ap- 


dling more than about 45‘¢ hot metal charves jp 
stationary furnaces. It was brought out that 
plants equipped with converters and able to 
use the duplex process have an economic adyap- 
tage at present high prices for scrap. 

Recent improvements in openhearth prae- 
tice were summarized as follows: Movable Rose 
ports, double burned dolomite, refractory lined 
hot-tops, control of FeO in slag, wider use of 
instruments and insulation, controlled 
combustion. 

R. C. Good of the Electro Metallurgical 
Sales Corp. discussed the effect of carbon, 
residual manganese, oxide content of the bath 
and the sulphur present upon the rimming 
action. He determines the optimum relation 
for the best rimming action from a curve which 
plots (“ carbon + 4% manganese) against the 
ratio (“ oxides — ‘% sulphur). If other factors 
are constant, sulphur affects the rimming action. 
A decrease in sulphur requires an increase in 
manganese and aluminum. The best conditions 
are obtained by adjusting the additions of 
manganese and aluminum. 


Sodium Fluoride as Medicine 


The use of sodium fluoride was discussed 
as a means of controlling the rimming action 
in the ingot mold. Several operators. stated 
that the addition of about 2 oz. per ton increased 
the rimming action, having an effect opposite to 
additions of aluminum. Several operators 
stated that fluoride additions are also usciul 
when cold heats or steel difficult to rim must 
be handled. One operator, who has used this 
material to promote mechanical agitation, 
reported that the structure of the lower part 0! 
the ingot was improved. The blow holes wer 
deeper seated, cleaner and comparatively smal 
Good results were reported on 0.11 to 0.16 
carbon steel; it did not cause any segregacion 
and created no problem from the angle ©! 
health and safety. 

John Chipman of the American Holling 
Mill Co. presented some studies of slag samp! 
taken on heats of steel ranging from 0.01 | 
0.08. carbon just before tap or the addition © 


spiegel. Curves were exhibited showing ti! 
basic slags favor desulphurization. (Basic!!) 
was expressed as the relation between the (2 
plus MnO to the SiO, plus P,O,.) An increas 


in the basicity of the slag was accompa 
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rease in the ratio of FeO in the slag to the 
oxvecn in the metal. He stated that highly basic 
slavs are always high in FeO but the oxygen 
in the metal varies less than the FeO in the slag. 
For a given total iron oxide, the available iron 


an 


oxide in the slag decreases as the basicity 
increases. 

Following two days of technical sessions, 
all those attending the meeting were guests of 
the Tennessee Coal and Iron Co. An interesting 


and instructive trip was made by a special train 
to the company’s ore mines, blast furnaces and 
steel mills. Those who have never visited in 
the Birmingham district may be surprised to 
find such a perfect example of “integrated” 
industry, rivaling in modernity and efliciency 
that to be found in any of the more advertised 
American steel centers. <A visit to this hos- 
pitable community will prove interesting and 
instructive and is highly to be recommended. 


A Six-Ton Furnace 
By Herr Boer 


Abstracted from Siemens Zeitschrift. 1936, p. 255 


HIGH FREQUENCY induction furnaces were 
e first put to commercial (as distinguished 
from experimental) work in Germany in 1928. 
These early ones had a capacity of 650 Ib. to 142 
tons at most. In the meantime over a hundred 
of them have been installed, in keeping with 
their acknowledged metallurgical advantages. 
rhe largest built by Siemens & Halske is a six- 
ton unit, now in successful operation since early 
in 1936. Eight-ton furnaces are under consid- 
eration; the development has by no means 
ended. 

The power plant is of importance. For this 
furnace a motor-generator set delivers 1600 kilo- 
watts of 500-cvcle current; the power remains 
constant even though voltages may range from 
2500 to 3000. This wide voltage range is due to 
changes of the electrical conditions during the 
melt-down, such as different demands when 
melting of magnetic materials such as nickel or 
iron, the change of resistance with temperature 
as the metal melts and is superheated, and also 
the increase of the “degree of coupling” between 
furnace coil and bath with a crucible whose wall 
has been thinned by washing. |The electrical 
circuits and their safe and accurate control are 
described in detail in the original.} 

the furnace coil consists of a rectangular 


copper tube with 0.31-in. wall thickness, bent 
into a self-contained, rigid helix without brac- 


ing. To insure proper spacing of the turns, 
“combs” made of linax [asbestos or fiber com- 
sion) are fixed in sockets made of the same 
matcral, These members also act as vertical 


struts, spaced equally around the body. Copper 
pi are soldered to the top and bottom turn 

se are screwed to the comb sockets. 
SI 


cemented slate and asbestos form the 


bottom and top; they carry compressive stresses 
only, since they are not expected to hold together 
the coil. 

Current enters the furnace coil through 
knife switches which are disconnected prior to 
tilting the furnace. An interlocking device pre- 
vents movement of the furnace while the 
switches are closed, or opening of the switches 
while the current is on. 

The dimensions of the furnace box are so 
ample that the stray lines of the electromagnetic 
field do not cause appreciable heating of the 
frame. The furnace coil is located in the frame 
near the side from which the charge is poured, 
resting on firebricks directly over supporting 
beams. The reason for locating the coil at one 
side of the furnace box is to shorten the length 
of the stream when pouring; the metallurgical 
reason is principally that this prevents cooling 
and undue oxidation. The front supporting 
beams (near the coil) are made of non-magnetic 
steel to minimize leakage losses. They are 
fastened to a sectional framework with insula- 
tors so that there are no closed electrical circuits 
in the frame, and the entire frame is grounded 
to protect attendants. 

This type of box-like skeleton construction 


has certain advantages over a tall furnace — tall 
in comparison with the diameter—in which 
the stray outside field of the furnace coil must 
be screened out with a copper cylinder. The 


power consumption is lower than with tall fur- 
naces; the furnace coil, being exposed, can be 
observed constantly and possible dangers may 
be recognized in time. Above all, the accessi- 
bility of the furnace coil, and hence the outside 
of the crucible, with this large furnace, has been 
found highly valuable. (Continued on page 660) 
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This is the second of a series on * Diagnosis of Metal Troubles in Indus- 
try” by R. S. Archer, J. L. Burns and V. Brown of the Republic Steel 
Corporation’s Metallurgical Department in the Chicago District. Several 
defects arising from forging practice were illustrated in the April issue 


Troubles Due to 


Grinding or Machining 


Inclusions 


InNcLusIONS in the metal get a lot of 
& blame that doesn’t belong to them. Fig- 
ure 1 at lower right is a photomicrograph at 
50 diameters (darkfield illumination) of a 
pair of spots on a finish-ground shaft con- 
ceded by all the shop men to be “inclusions.” 
The microscope showed them in their true 
light— they are merely surface nicks, the 
result of careless handling. 


Fig. 2 (Actual Size) 


Fig. 


(30 Dia.) 


Grinding Cracks 


A DEFECTIVE air hammer cylinder has been 
J split along its axis and is shown in Fig. 2 
at the left. Defects in this piece were rather dill 
cult to see or to photograph, but a stress relieving 
draw, followed by etching in hydrochloric acid, 
made them very apparent. 

Grinding cracks are a heat effect, and whik 
they are more easily developed in segregated or 
dirty steel, and sometimes in high carbon parts 
freshly quenched and untempered, they are very 
frequently due to bad grinding practice. Se 
© Metals Handbook, page 770, 1936 Edition, for 
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sted remedies for this type of trouble. 

(A surprising amount of heat may be 
developed at a ground surface, as is proved 
by the views on these pages. Hot metal in 
a spot on a rigid surface can only expand 
outwardly, and the resulting bulge is 
immediately leveled off by the wheel, leav- 
ing the rest of the heated metal upset. 
[his metal later cools and shrinks, and 
since there is not enough metal to fill the 
original volume, that which remains is 
badly stretched laterally._Ed.) 


Heating During Finish Grinding} 
on a Wet Wheel 


THe very HIGH surface temperatures 
a that can be produced by grinding 
operations, even including wet grinding, 
ire not always appreciated. Figure 3 shows 
: section through a valve tappet made of 
screw stock (high sulphur, low carbon 
stecl) carburized and hardened. Inspectors 
had reported the surface of the tappet to 
he “spotty” in hardness by the Rockwell 
test, although it seemed uniformly hard to 
a tile. Figure 3 shows the reason for this. 
there is a skin of file-hard martensite too 
thin to resist the crushing indentation of 
the Rockwell test. Figure 4 shows the sur- 
face laver at higher magnification. Approx- 


big. 3 (50 Diameters) 


imately the entire right-hand half of the field, 
including the dark-etching and the white martensitic 
skin, was originally martensitic. After carburizing 
and hardening, this tappet was ground wet on the 
side of the grinding wheel and, in spite of a good 
flow of cooling water, the surface was reheated by 
the grinding operations above the critical tempera- 
ture. It was then re-hardened, either by the quench- 
ing action of the water, or by conduction of heat to 
the cold interior. Meanwhile, however, the metal 
immediately back of this re-hardened skin was 
heated high enough to be tempered to a structure of 
such low hardness that it would not support the 
Rockwell impression shown in Fig. 3. 

Figure 5, at still higher magnification, shows the 
hard martensitic skin in more detail, and a grinding 
crack extending nearly through it. 


Fig. 4, Above, at 100 Diameters; 


big. 5, Below, at 500 Diameters 


wey 
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Fig. 6 (50 Diameters) 


Two Causes of “Hairline Seams” 


Wen so-called hairline seams appear on 
* a machined surface, they are usually 
blamed on non-metallic inclusions in the steel. 
This may or may not be true. The defects shown 
in the upper views (Fig. 6 and 7) are due to this 
cause; Fig. 7 at 2 diameters shows a good exam- 
ple of a hairline seam on the highly illuminated 
part of the round; Fig. 6 of the unpolished sur- 
face at 50 diameters shows a number of inclu- 
sions in a substantially straight line. 
The lower pair of views, however, show a 
surface marking of generally similar appear- 
ance, Which might easily be mistaken for a hair- 


Fig. 8 (Twice Size) 


Fig. 7 (Twice Size) 


line seam of the same type as that shown in 
Fig. 6 and 7. Figure 9, at higher magnification, 
shows that this mark is of a different characte: 
It was actually caused by the directional prop- 
erties of the steel (ferrite banding, for example) 
which happened to be a grade which rather 
frequently exhibits this condition. 

(Sometimes hairline cracks have been 
blamed on very small contraction cavities in 
the ingot, not welded shut during hot working 
Unless they occur in highly stressed regions in 
vital parts, they are probably harmless, as it is 
certain that numberless parts, afflicted will 
them but undetected on inspection, have giv 


satisfactory service. — Ed.) 


Fig. 9 (50 Diameters) 
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A Hard Spot 


A MACHINE PART Was broken 


ing a production run, and it was 


on a Fellows gear shaper dur- 


breakdown was 


or 


that 
caused bv an 
other defect in the gear which was 
being shaped at the time. Exami- 
nation of the gear showed, however, 


suspet ted 


inclusion some 


that the suspected hard spots were 
not something which had been put 
there unintentionally by the steel 
meliter or the heat treating depart- 
ment, but were small particles of 
high speed steel! Tracing this gear 
back in its history in the machine 
shop, it was found that some of the 
corners of the teeth on the hob that 
had worked on it were broken off; 
evidently some of these fragments 
had become imbedded in the gear. 
rhe trouble in the shaping opera- 
tion, therefore, had nothing to do 
with shaping or the part being 
shaped, but resulted from trouble in 
the preceding hobbing operation, 
not noticed at the time. 


Fig. 10 (Above). 
low the surface of a partly machined 
gear of S.A. 3120 steel, with em- 
bedded foreign particles. ktched with 


1 section just be- 


nital to bring out the structure of the 
alloy sieel, and magnified 50 dia. 


Fig. 11 (at Left). 


then etched more deeply to bring out the 


The same sample was 


structure in the inclusion and it was clearly 
revealed as a fragment of a high speed 
Note the 
structure in the metal of the gear immedi- 


cutter. intensely cold-worked 


ately surrounding this embedded fragment 
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Relation Between Tool Set-Up and Machinability 


THE keLATIVE machinability of different 
e types of steel is often rated upon the basis 
of shop tests, which are supposed to be very 
practical in nature. That the results may be 
quite misleading is shown in the photographs 
on this page. 

Two types of steel are involved in this test. 
Both are standard S.A.E. analyses, and are 
designated as Type A and Type B. Both are in 
the cold-drawn condition, and all of the speci- 
mens of Type B are from the same bar. 

Satisfactory practice as to tool dimensions, 
speeds and feeds had been established for 
machining Type A to produce economically the 
finish shown in Fig. 12, rated as satisfactory for 
the purpose intended. With the same tools and 


machining conditions, a very poor 
resulted on Type B (Fig. 13). 

Figure 14 shows the results on Type B of 
using the same cutting tool but reground with 
a different contour. This is immeasurably bet. 
ter, but still capable of improvement, as js 
shown in Fig. 15, where a tool of entirely differ. 
ent shape was used (as indicated by the squar 
shoulder at the bottom end of the cut). 

It is rather clear that on the basis of th 
first tooling, Type A is far better than Type B. 
but on the basis of the revised tooling, Type B 
gives, if anything, a better surface than Type A 
(It should be noted that the same feed and 
speed were used throughout, and all photos are 
actual size.) 


Fig. 12 (at Extreme Left). Satisfactory finish on parts from screw machine, 
cut from a cold-drawn alloy steel of Type A. All these views are actual size 


kig. 13. Using the same tools, feeds and speeds, a very rough, gouged 
surface was produced on cold-drawn steel (another alloy) of Type b 


Fig. 14. By merely regrinding the tools 
toa slightly different contour, a great 
improvement resulted. All the samples 
of steel B were cut from the same bar 


Fig. 15. Using 
tools of entirel\ 
different shape 


but maintaining 


— 


speeds and feeds. 
an even better 
surface finish wa 


gotten on 
4 B than on the 
q original stock. 

Type A 
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The Embrittlement of Solid Copper Containing 


Oxygen in Hot Reducing Atmospheres 


THE EMBRITTLEMENT of tough pitch copper 
(which ordinarily contains from 0.03. to 
(07°. oxygen) in reducing atmospheres, at 
temperatures of 950° F. and 500° C, and above, 
is a subject about which much has been written. 
lt is well understood by a few, and yet is one 
that is often forgotten by others, judging from 
the frequency with which problems involving 
it arise. 

lt is well known that hydrogen at these 
‘emperatures diffuses through solid copper at a 
definite rate, and that such hydrogen coming 
in contact with cuprous oxide in the 
solid copper reduces that oxide, forming 
steam as one of the products of the reac- 
tion. It was pointed out by Pilling in 
1019 that the diffusion rate of the steam 
s very much less than that of the hydro- 
and a pressure due to the accu- 


mulation of the former is quickly built 


ip. causing voids at the grain boundaries 


f the metal. 


When tough pitch copper is heated 


= 


an atmosphere of carbon monoxide, a 


similar sequence of events takes place. 
lhe diffusion rate of carbon monoxide 
irough solid copper being considerably 
sreater than that of the carbon dioxide, which is 
ormed by the reaction of carbon monoxide on 
iprous oxide, grain boundary voids are formed 
(ue to the accumulated pressure of carbon diox- 
de. such voids being similar to those formed by 
accumulation of steam in the reaction 
‘ween hydrogen and cuprous oxide. 
\s remarked at the outset, these facts are 
cll known that it is unlikely that anyone 
cd in the art would consider heating tough 
copper in either hydrogen or carbon 
‘ide. Evidence, however, points to the 


By T. S. Fuller 
Research Laboratory 
General Electric Co. 
Schenectady. N. Y. 
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fact that many of us who should know, do not 
realize what a small amount of reducing gas is 
required to cause embrittlement, although this 
phase of the subject has been repeatedly 
stressed in the literature. 

Experiments performed by the author and 
reported in 1922 served to emphasize this point, 
and are therefore worthy of restatement. 
Tough pitch copper was packed in clean sea 
sand in a seamless steel tube and was heated 
to a temperature of 800° C. (1475° F.) for one 
hour in an electrically heated furnace. The 
ends of the tube were closed 
with iron plugs. The sample 
of copper, on being removed 
from the tube after cooling to 
room temperature, was found 
to be extremely brittle. Micro- 
scopic examination showed 
the open grain boundaries so 
characteristic of copper in the 
“gassed” condition, 

This result was so unex- 
pected that the question natu- 


rally arising was, what is the 


constituent associated with 
iron pipe or clean sea sand 
which is responsible for a reducing atmos- 
phere when heated? Two thoughts presented 
themselves; first, the carbon present to the 
extent of 0.2% in the iron pipe possibly would 
be suflicient to generate enough carbon mon- 
oxide to cause the embrittlement; and second, 
organic matter on the surface of the sea sand 
might be present in sufficient quantity when 
heated to cause a limited amount of reducing 
gas, probably carbon monoxide. Either or both 
might be responsible. 

Accordingly, a sample of tough pitch wire 
from the same lot of copper previously used 
was packed in finely divided aluminum oxide 
in a porcelain tube and heated for one hour at 
800° C. Wire, so treated, at the end of the 
experiment was ductile and showed no evidence 
under the microscope (Continued on page 658) 
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WILLIAM ROY CHAPIN 


“For HIS FUNDAMENTAL WORK in connection 

with two-stage quenching of steel, which 
has c\plained many mysteries of heat treatment 
results, has stimulated and guided many impor- 
tant researches, and has led to the clarification 
of theory and improvement in practice of steel 
treating. 

fhis was the citation on the award to Bill 
Chapin of the Albert Sauveur Achievement 
Medal at the last @ convention. Men come and 
men go, both great and small. Some men are 
born to be great, some are thought to be great 
because their fellow men elect them to be so. 
But the greatest of the great are those who 


recognize the plight of their fellows, who in their 
daily work strive to lighten the burden and 
smooth the path down which mankind must 


travel, and who in both their waking and sleep- 
ing hours are working toward a better method 
doing things. 

lo this last class is elected our fellow metal- 
lurgist, William Roy Chapin. 

He is a down east Yankee, born in the state 
f Vermont on February 4, 1881, with a native 
wit as keen as a northeaster and a mind as 
strong as the rock-bound coast of New England. 

\s a boy his parents took him to Florence, 


\labama, where he attended school, graduating 
from the State Normal College in Florence and 


Alabama. 
Metals in their various manifestations always 


later attending the University of 
fascinated him — especially steel and its ability 
lo be either soft and ductile or hard and brittle. 

So we soon find him getting a start as chem- 

for the Tennessee Coal and Iron Co. Later 
lie transferred to the Cleveland Twist Drill Co., 
where he was in charge of the heat treating 


Ist 


department. After a successful period spent in 
‘iis capacity Chapin became chief metallurgist 
it charge of tests and research at the E. C, 
\thins & Co., Indianapolis, Ind., manufacturers 
Thus he had 
ed the peak of his profession in a plant 

le had to do with fine cutting tools and 
lo make tools. 


ws and machine knives. 


must be remembered that this was before 
y of the science of heat treating. The art, 
nds of years old, had been confined 
entirely to the hardening of tools and 
is. Chapin immediately started inquir- 
the reasons behind many of the tradi- 


tions of his art, and was one of the first to realize 


the foolishness of locking his information 
behind sealed lips. He was in debt to countless 
forgotten experimenters back through the ages. 
So the 


world began to beat a path to his door where 


He would repay that debt if he could. 


the latch string was always out! 

Being a metallurgist in the capacity which 
he enjoys, he has been brought in close contact 
with all types of steel that are to be fabricated 
into finished articles of commerce. The knowl. 
edge gained along these lines has always been 
shared freely with any who seek it. He is always 
ready for the tasks that confront him, always on 
the lookout for better methods, always willing 
to help and advise, tireless in his work and prac- 
tical in his viewpoint at all times. A thorough 
questioner. Anyone placing before him a resul 
of a particular research or investigation must be 
prepared to know that subject thoroughly. The 
most minute detail does not escape. 

Bill Chapin is an engaging speaker. His 
New England tradition and Hoosier surround- 
ings have fostered a keen interest in political 
problems. This comes frequently to the surface 
in witty or penetrating flashes in his day-by-day 
conversations and in his discussions of serious 
technical matters. 

It was after arriving in Indianapolis that 
he met and married Stella G. Harman. They 
have two children, William R., Jr., and Dorothy. 
He is an ardent 
whose motto, when a little wager is up, is “heep 


golf and bowling enthusiast 
the money in the laboratory!” He is also presi- 
dent of his own company, the W. R. Chapin Co., 
manufacturing Cinch Steel Cement. 

Mr. Chapin’s pioneering work, published in 
Transactions of the American Society for Steel 
Treating in 1922, determined the fact experi- 
mentally that austenite transforms into marten- 
site not at temperatures a little below the 
critical, as was ordinarily supposed, but at 
300° F. or less. Some cooling curves made three 
vears earlier in France by Portevin and Garvin 
had indicated the presence of a delayed trans- 
formation in quenched carbon steel, but all three 
experimenters were far ahead of their time in 
getting at the essence of the actions when hot 
steel is quenched. In America, at least, a rea- 
sonably clear exposition of this mechanism was 
not given until 1930, when H. J. French sum- 
marized several years of experimentation on 
quenching rates at the Bureau of Standards, and 
Davenport and Bain presented their studies on 
temperatures 


transformation at subcritical 
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made at the United States Steel Corp. Research 
Laboratory. 

As Dr. Jeffries pointed out in reading the 
citation of the Sauveur Award, the French 
investigation was long and brilliant, made with 
specialized apparatus technique never 


excelled. Chapin, on the other hand, mace hj 
additional discoveries with the common {oo|x 
available in all metallurgical laboratories. Tha 
others of us did not carry on until years ‘here. 
after is yet another proof that a people seldom 
recognizes its truly great contemporaries. 


Properties of Some Steels in the Hardening Range 


By W. R. Chapin 


A paper presented before the Cleveland Chapter, Reprinted from Transactions, 
American Society for Steel Treating, Vol. I], p. 507 (March, 1922) 


IN THIS PAPER the term “hardening range” 
as is to mean that temperature range within 
which quenched steel acquires its maximum 
hardness as tested with the Brinell machine, 
scleroscope or file. This report applies only to 
those steels which, when properly quenched, 
harden throughout the mass, or as it may be 
expressed, harden “solid” and are martensitic 
when so hardened. 

It is not claimed that this maximum hard- 
ness is the greatest hardness possible to obtain 
in these steels for it is well known that an even 
greater hardness is made possible by the use of 
certain quenching mediums and certain high 
temperatures. The maximum hardness referred 
to is the greatest hardness obtainable by the 
employment of commonly used quenching oil or 
plain water, the quenching temperatures being 
such as are used in good common practice. 

Test1 Test2 Test3 


Annealed, length 1.438 in. 3.968 in. 4.993 in. 


Brinell 192 179 231 
In hardening range, length 4.429 in. 3.973 in. 4.980 in. 
Brinell 192 262 192 
Cold, length in. 3.978 in. 4.996 in. 
Brinell 652 652 652 


By reference to Test No. 1 it will be noted that 
this specimen, which was ‘2 in. square, was 192 
Brinell in the annealed condition. The specimen 
was quenched in oil from a temperature of 1475° F. 
and taken from the oil while in the hardening range. 

(It will be appreciated readily that the tempera- 
ture of the piece when taken from the oil is difficult 
to measure accurately, particularly near the surface. 
It may be stated, however, from a great many tests 
removed from the bath in the hardening range and 


quickly polished for Brinell testing, that the color 
appearing on the polished surface would indicate 
strongly that this temperature lies between 400 and 
500° F. It is respectfully suggested to those wh 
have sufficiently delicate apparatus and the inclina- 
tion that this hardening range temperature may ly 
accurately plotted pyrometrically. This may lx 
done by placing a sensitive couple in the center o! 
a piece, protecting the couple by means of a coppe: 
tube brazed into the piece and attaching the coup! 
to a sensitive instrument which will record rapid 
temperature changes. ) 

Specimen No. 1, it will be noted, was also 192 
Brinell in the hardening range, practically file-hard 
and could be readily deformed. It shrank 0.009 in 
in the hardening range and in cooling in the hard 
ening range naturally in the air to the cold ()y 
which is meant room temperature) it expandec 
0.011 in. and was 652 Brinell when cold. It will lx 
noted that it expanded only 0.002 in. from 
annealed to the cold state. Test No. 1 is a we 
known oil hardening steel, a so-called “non-shrin 
ing” steel, but as a matter of fact the steel did shrink 
0.009 in. in the hardening range and then expanded 
0.011 in. below that range. 

It is to be noted particularly that Specimen 
1 was entirely unaffected by a powerful horses! 
magnet in the hardening range. This fact was firs! 
observed by the writer's assistant, W. L. Ap) 
is to be noted that this loss of magnetism in '! 
hardening range is most noticeable imnv 
after withdrawing from the quenching ba 
further that there is a gradual return of t lap 
netic property as the steel cools through the ! ; 
ing range to the cold. It is also interesting 
that with the gradual return of the magnet: 
erty the Brinell hardness also gradually ris: 
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appearance of the Brinell indentation in 
the dening range is peculiar in that it is not clear 
| there is a rounding off entirely around the 


periphery. This appearance is characteristic of all 
the els tested in the hardening range. 


Referring to Test No. 3 it will be seen that this 
specimen also shrank in the hardening range and 


showed even a lower Brine!l than in the annealed 
state. Test No. 3 was also non-magnetic in that 
range, could be readily deformed and was prac- 


tically file-hard. It also expanded from the harden- 
ing range to the cold and was 652 Brinell when cold. 
thick, 
and removed from 


fhis specimen was a round disk 0.156 in. 
quenched in oil from 1500° F. 
the bath while in the hardening range. 

In order to determine the Brinell hardness of 
fests No. 1 and 3 in the center of the bar, other 
samples from the same bars were quenched and 
brought out in the hardening range, broken and 
Brinell tested in the center. These pieces were 192 
Brinell in the center, practically file-hard in the 
center and were 652 when cold. 
rhis test was made repeatedly 
with the same result each time. 


in water and brought out in the hardening range 
was distinctly magnetic, was file-hard, showed a 
low Brinell and acquired maximum Brinell when 
cold. 


Test No. 12 Test No. 13 


Lencru Wipru Lencru Wipers 

Annealed 60.286 1.004 H0.396 6.000 
Oil quenched from 
1500° F. In hard- 

ening range 60.091 1.684 60.203 5.087 

Cold 60.323 1.696 60.422 6.004 

Drawn at 800° F. 60.087 4.690 60.294 6.000 


Tests No. 12 and 13 are average specimens from 
100 tests. 
show that in the hardening range these steels shrank 


They are very interesting in that they 


in every dimension and then expanded in every 
Further- 
more these steels shrank upon drawing. Test No. 
12 in the hardening range first shrank 0.195 in. in 
length and 0.010 in. in width and then expanded 
0.232 in. in length and 0.012 in. in width. Upon 
drawing at a temperature of 800° F., test No. 12 


dimension as they approached the cold. 


Chemical Analyses of Test Specimens 


Stee/s| Test No. C Mn Si p Cr Ni 

. 2, which is a well known 

water hardening steel. The A 0.790\ 1.48 | 0.407\ 0.021 | 0.006 | 0.06 | 0./9 
sample was % in. square, B |26,270,1'| 1.070| 0.28 | 0.404| 0.022|0.0/0; | | - 
quenched in water from 1440 C 0.800 | 0.35 | 0.200 | 0.020 0.020'\ 0.40\ 
F. and removed from the bath D 95.8.9 | 0890) 043 | 0./62| 00/8 | 0.025'|0.78| 56 
while in the hardening range. E 12 0.780 | 0.39 | 0.146 | 0.0/4 0023 | 1.36 
lt will be noted that No. 2 F IZ 1.044 | 0.48 | O.//8 | 0.034 0.0/0 | 0.50 
expanded continually in the /4 1.4/2 029 | 0.192 | 0.023 | 0.0/6| — 
hardening range until cold and 


that range. 

This specimen, 5.540x0.75x0.050 
F. in 
removed from the oil while in the hardening range 
and proved to be non-magnetic. Its changes in size, 
‘is Shown in the following, are in the same propor- 
tion as a so-called oil hardening steel. 


Was magnetic in 
Test No. 14 
in, Was quenched from 


oil. It was 


LENGTH 
Annealed 5.5400 
In hardening range 9.9315 
Cold 5.5465 


‘t will be seen from the table of chemical com- 
n that this also is an ordinary water harden- 


Mg tool steel. This steel when quenched in water, 
iS mmon practice, is magnetic in the hardening 


ind expands continually until cold. A speci- 
{trom Bar No. 14 failed to harden in oil in 
ginal size (which was *, in. wide by 3 16 in. 
When 
14 was machined down to 0.050 in. thick, 


but hardened very readily in water. 
be seen that it hardened in oil readily and 
d all the characteristics of a true oil harden- 
el, that is, in the hardening range it first 
then expanded, showed a low Brinell grad- 
On the 
ind, a piece from Bar No. 1 when quenched 


‘easing, and was non-magnetic. 


then shrank 0.236 in. in length and 0.006 in. in width. 

Specimen No. 12 was 0.100 in. thick and No, 13 
was 0.090 in. thick. The change of thickness in the 
hardening range is not reported on account of the 
difficulty in getting an accurate measurement on 
account of rolling scale coming off and on account 
of getting an accurate record of such a small change 
But 
these 100 pieces shrank in two dimensions and then 


as would take place in the thickness. since 
expanded in two dimensions it is perfectly logical 
that 
expanded in the third dimension. 


and then 


contracted 

The 

mens were non-magnetic in the hardening range. 
Another specimen from No. 12 and No. 13 was 


to expect they also 


given the same treatment and after being drawn to 
800° F. was annealed to produce a pearlitic struc- 
ture. The found to be 
practically the same as originally. 

By reference to Tests No. 4 to 11 inelusive, it 


measurements were then 


will be seen that the rate of cooling from the hard- 
ening range to the cold does not affect the ultimate 
A piece from Bar No. 1 
quenched in oil and was allowed to cool trom the 


hardness when cold. was 


hardening range to the cold in a patented compound 


requiring an hour to cool. It was 192 Brinell in the 
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ral 
the 


hardening range and 652 Brinell when cold. It is 
apparently true moreover that there is less distor- 
tion and less ultimate change of volume if these 
steels are allowed to cool slowly from the harden- 
ing range to the cold than when allowed to cool in 
the quenching bath, as in common practice. 
Test No. 4 Test No. 5 
FILep 


Quenched 652 192 
Quenched and drawn 652 slightly 652 slightly 
Redrawn 627 easily 627 easily 


It is to be noted that Specimen No. 4 was 
quenched in oil from 1500° F. until cold and then 
drawn at 400° F. in oil for 15 min. After drawing 
it was allowed to cool in the air and was 652 Brinell 
both before drawing and after drawing. After 
drawing it could be filed slightly. It was then drawn 
again for 15 min. at 400° F. in oil and when cold 
was then 627 Brinell and could be filed easily. 

Test No. 5 was quenched in oil from 1500° F. 
the same as No. 4 but taken out in the hardening 
range and drawn at once at 400° F. in oil for 15 
min. It will be seen that No. 5 was 192 Brinell in 
the hardening range and was non-magnetic. After 
drawing 15 min. it was 652 Brinell and could be 
filed slightly. Test No. 5 was then drawn 15 min. 
more at 400° F. in oil and was then 627 Brinell and 
could be filed easily. 

Test No. 6 Test No. 7 


LENGTH HarpNess LENGTH HARDNESS 


Annealed 4.146 179 4.171 179 
Quenched 4.159 683 302 
Drawn 4.155 627 4.176 627 


By referring to No. 6 (a %-in. square specimen) 
it will be noted that it Brinell tested 179 in the 
annealed state and upon quenching in water from 
140° F. until cold it expanded 0.013 in. in length 
and was 683 Brinell when cold. After drawing 15 
min. in oil at 400° F. it contracted 0.004 in. in length 
and was 627 Brinell. 

It will be seen that No. 7, quenched the same as 
No. 6 but taken out in the hardening range, was 302 
Brinell in that range, was magnetic and was prac- 
tically file-hard. Test No. 7 was drawn at once for 
15 min. in oil at 400° F.; it was then 627 Brinell and 
could be filed readily. It will be noted that No. 7, 
which was cut from the same bar as No. 6, expanded 
0.005 in. from the annealed to the cold state whereas 
No. 6 quenched regularly expanded 0.009 in. trom 
the annealed to the cold. 


TestS Test 9 Test 10 Test 
Quenched 652 192 683 321 
Drawn 652 652 6OS3 683 


Referring to Test No. 8 it will be seen that after 
quenching regularly (to cold) in oil from 1500° F. 
and then drawing in oil for 15 min. at 350° F., a 
piece was 652 Brinell before and after drawing and 
after drawing was file-hard. Test No. 9 quenched 
the same way as No. 8 except taken out in the hard- 
ening range and drawn at once in oil for 15 min. at 


350° F., was 192 Brinell in the hardening rane ang 
was non-magnetic. After drawing No. 9 was 659 
Brinell and file-hard. 

Test No. 10, when hardened regularly in water 
from a temperature of 1440° F. and then drawn a 
250° F. in oil for 15 min., was 683 Brinell befor, 
and after drawing and was file-hard after drawing 
Test No. 11 was quenched the same as No. 10 ex, ept 
it was taken out in the hardening range and drawy 
at once to 250° F. in oil for 15 min. It was 39) 
Brinell in the hardening range and was magnet 
After drawing No. 11 was 683 Brinell and file-hard 

By comparing No. 6 and 7 with No. 10 and 1! 
it will be seen readily that a drawing temperatur 
of 400° F. was too high for this particular steel, 
for the reason that the martensite was decomposed 
at this temperature and consequently the piece 
could be filed readily, whereas No. 10 and 11, whieh 
were drawn at 250° F., were file-hard after drawing 
Comparing No. 4 and 5 with No. 8 and 9 it is seen 
that 400° F. is too high for the drawing of this stee! 
for the same reason, whereas 350° F. leaves th: 
pieces file-hard after drawing. 

It seems almost paradoxical that these steels 
exhibit in the hardening range a low Brinell and al 
the same time are practically file-hard and can lb» 
deformed readily. Similar observations have bee: 
made on a variety of other steels which harde: 
solid in oil —- such steels containing (a) about 1.00 
tungsten, (b) chromium and tungsten, (c¢) chro- 
mium, vanadium and tungsten, (d) chromium, and 
(e) chromium and vanadium. Data are being pr 
pared on high speed steel. 

The foregoing tests indicate that all steels, and 
perhaps high speed steel, when quenched and hard- 
ened solid, first shrink and then expand. The non 
magnetic properties of water hardening steels 


Steel No. 1, Oil Quenched From 1479" ! 
Left: Steel was quenched cold and draw 
350° F. Right: Steel was withdrawn 
range and drawn immediately at 350 

{ much more uniform martensitic st 
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range are difficult to determine 


rdening 
of the rapidity of quenching, but by refer- 
lest No. 14 it is noted that when a water 
steel hardens solid in oil it exhibits the 
-haracteristic hardening range properties of a regu- 
It can be 


Ings 


hardened steel and vice versa. 


shown that an oil hardening steel like No. 1 or 3 
when quenched in water has the characteristic 


operties of a water hardening steel. Therefore, 

. logical to assume, and it may even be demon- 
strated, that all steels whether oil or water harden- 

which harden solid when quenched, are at some 
stave of the hardening range non-magnetic. 

Since the steels in this paper that are of the 
ji! hardening type (and also No. 14) are non- 
saunetic in the hardening range, and since it is the 
theory held by many that all steels above the Ac 
range contain gamma iron, and since it is well 
nown that steels above the Ac range are non- 
magnetic, it naturally follows that the steels in this 
report contain gamma iron in the hardening range, 
and are therefore austenitic in that range. 

Since, in order to harden, a steel must pass 
through the Ar range, it follows that these steels 
have not passed through the Ar range when taken 
from the oil in the hardening range, but the Ar 
range has been suppressed to a temperature approx- 
imating 400 to 500° F. 

A further deduction is that, in the hardening 
e, austenite occupies a smaller volume and has 
This 


rang 
i higher specific gravity than martensite. 
leduction as to the specific gravity of the micro- 
onstituents is based entirely on the observations of 
the change of volume of the steels as noted in these 
tests and is therefore only a tentative deduction. 
itmay well be proved that these changes of volume 
ire not alone due to the formation of the different 


\ ‘ater Quenched From 1440° F. 1000 
» quenched cold and drawn 15 min. at 

Steel was withdrawn in hardening 
mn immediately at 250° F. (15 min.). 
uniform martensitic structure results 
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microconstituents but also to intermolecular change 
on account of the change in temperature. 

The writer does not seek to propound theories 
in this paper but merely wishes to draw attention to 
certain observations. It is earnestly hoped that 
these observations may draw from other metal- 
lurgists more and clearer reports and deductions. 

It would seem safe to say that the practical 
value of this investigation is that it indicates cer- 
tain possibilities. It is perfectly apparent from the 
tests that 
quenched it first contracts and then expands in the 


when a steel which hardens solid is 


hardening range. Since this expansion begins and 
is most rapid at the thinnest section and in the 
region farthest from the center of the steel it natu- 
rally follows that any quenched steel, such as 
punches, dies or cutters, should be withdrawn from 
the quenching medium in the hardening range and 
placed at once in a medium sufficiently hot to per- 
mit the martensite to form slowly and completely 
and uniformly but not hot enough to start the 
decomposition of the martensite into troostite or 
sorbite. 

It may be stated as a truth that a steel properly 
treated in the hardening range, providing of course 
that the steel is of the correct analysis and has been 
made right, will be less liable to rupture and will 
show a minimum of deformation. 

Photomicrographs of both oil hardening and 
water hardening steels will illustrate this point. 
Those that were withdrawn in the hardening range 
and tempered immediately show a more _ perfect 
martensitic structure than those that were quenched 
cold and then drawn. It would be expected that 
they would be much tougher and have better cutting 
qualities. It seems reasonable to suppose that a 
steel cooled slowly through the hardening range 
would be more completely martensitic whereas the 
same steel quenched regularly might have in its 
structure some trapped austenite. 

It can be stated further that soft spots in oil 
hardening steels which harden solid can be detected 
in the hardening range with absolute certainty by 
The writer has demonstrated 
this beyond a doubt. It 
strongly emphasized that a steel taken from the 
quenching bath in the hardening range should be 
placed at once in a medium of the proper tempera- 


the use of a magnet. 


reasonable should be 


ture. Steels withdrawn in the hardening range are 
very liable to rupture if allowed to cool in the air. 
The reason is perfectly obvious. 

Indeed, it 
quenched steels do not fly to pieces and it can only 


seems almost a miracle that all 
be explained, at least to the writer’s mind, by the 
fact that the Great Creator Himself gave the harden- 
ing power of steel for the use of mankind, 

The author desires to give acknowledgment 
and thanks to W. L. 
testing department, for his able and enthusiastic 


Appel, assistant director of 
cooperation in the preparation of this paper. 
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Directional Properties in Brass Strip 


By Maurice Cook (Discussion by J. D. Jevons) 


tbstracted from Journal, Institute of Metals, Vol. 60, 1937 


SevenaL srupies of this subject have been 
€ published. From them it may be gathered 
that reductions of at least 50°. have to be made 
prior to an anneal for directional differences to 
appear in tensile strength; the figure is 35‘: for 
an influence on the reduction of area. Final 
annealings should be as low as possible consist- 
ent with the necessity of delivering soft metal, 
and the intermediate annealings should be at 
1300° F. or more. 

Dr. Cook’s studies were made on 70:30 brass 
strip, 0.037 in. thick. This is thick enough to 
develop ears when drawn into '.x0.42-in. cups. 
All of it was from the same ingot. Penultimate 
annealing was 1 hr. at either 1025 or 1475" F.; 
last reductions were various, and final anneal- 
ing was at 1000, 1150 or 13507 F. for 30 min. 

Whenever directional properties were 
exhibited, the tensile test is least and the duc- 
tilitv is greatest at 45° to the direction of rolling, 
which agrees with the observation that the ears 
on the cups invariably occur in this position. 
With regard to the intensity of the caring effect, 
or the height of the ears, the values indicate that 
with a given penultimate annealing temperature 
the height of the ears increases with the temper- 
ature of the final anneal. In other words, in 
order to avoid undue development of directional 
properties, the final annealing should not’ be 
carried out at high temperatures. 

The only exception to the generalization 
that the height of the ears increases with the 
temperature of the final annealing is in the 
group subjected to a penultimate anneal at 
1475° F. and finally rolled 10°). This reduction 
does not break up the large structure sufficiently 
for normal recrystallization and grain growth 
to occur in the final annealing. (In well- 
recrystallized material, the height of the ears 
produced on cups is not related to the grain 
size.) The effect of increasing the penultimate 
annealing temperature from 750 to 1475° F. is, 
generally, to decrease the height of the ears. 
According to these experiments, strip vielding 


cups with the least amount of waviness at tly 
mouth is obtained with a final rolling reductio) 


of 50°. in thickness and a low final annealing 


temperature, i.e. 1000° F, 

With this combination the effect of the tem 
perature of the penultimate anneal on the wayi- 
ness is apparently insignificant, but immediate) 
either of these conditions is departed from. and 
either the magnitude of the final rolling or tly 
temperature of the final annealing is increased, 
then the effect of increasing the penultimat 
annealing temperature in reducing the exten! 
of waviness, becomes increasingly apparent 

A visual examination of the microstructu 
of annealed brass does not suggest the existe: 
of any directional features or preferred oricnt 
tion. If, however, the angle which each systen 
of twin bands makes with the direction of rol! 
ing is measured to the nearest 5°, and the fr 
quency of each direction plotted radially from 
a given point, some more precise informatio! 
becomes available. If no directionality exists. 
the plotted radii will be more or less equa! 
length, while any directionality would | 
revealed by a lengthening of the lines in » 
ferred directions. In specimens which vic! 
flat-topped cups, the orientation turns out to 
random. On the other hand, the plot which was 
obtained on a sample yielding cups with 
nounced waves shows much more evidence: 
preferred orientation, the twinning planes 
occurring with greatest frequency at righ! angles 
to the direction of rolling and with leas! 
quency at 45° to the direction of rolling 


Practical Aspects of the Matter 


Discussing the subject from the vi 
of the user, J. D. Jevons said that direc! 
manifests itself in three principal wa 
Thinning of walls (leading in extreme | 
to rupture along certain planes in the 4 
sheet); (b) uneven flow in the tools 


to local thinning or (Continued on | 
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Vores on metals used in the Detroit Edison plants in steam 
wencrators, piping and turbines operating at elevated steam 
temperatures. Experimental installations with long service 
records furnished data for design of most recent equipment 


Pipe. Valves and Turbines 


for High Temperature Steam 


THE DEMAND for more power generating 
1 capacity during the past vear has tended 
to focus the attention of central-station men on 
the question of suitable metals that can be used 
for high temperature equipment, to take advan- 
tage of economies from the use of steam up to 
125° F. Until about six years ago, 750° F. was 
the accepted limit for the commercial materials 
then available. Later development of low alloys 
with good high temperature properties has made 
it possible to raise this limit up to 925° F. with 
resultant gains in over-all efficiency as high as 
IS’) when comparing 400-Ib, 700° F. and 800-Ib. 
regenerative plant cvcles. Part of this 
gain is due to the higher pressure possible with 
higher temperature. 

the Detroit Edison Co., since 1927, has been 
interested in these possibilities; in a desire to 
learn more about the behavior of metals above 
0 F.. two experimental installations were 
made. The first, placed in service in the Tren- 
on Channel plant in 1929, consisted of a small 
‘il-tired superheater and piping system designed 
‘0 handle steam at 1100° F. in order that trou- 
bles from creep or plastic flow, should they 
0 . would be accelerated. Its purpose was 
‘nish information for the design of the 


By R. M. Van Duzer, Jr. 
Engineer, Production Dept. 
Detroit Edison Co. 


second experiment. It has now been in service 
over 37,000 hr. 

The second experimental installation was 
in Delray Power House No. 3, and consisted of 
a 10,000-kw. turbine and its auxiliaries, high 
temperature steam piping, and oil-fired super- 
heater. It was first operated with 1000° F. steam 
the latter part of 1931, and was in service over 
26,000 hr. up to February 1937. 

Experience gained in its operation of this 
unit and the necessity for additional, modern 
equipment in the Conners Creek Plant led 
to a rebuilding program utilizing equipment 
designed for higher temperatures. Since 1934, 
three 30,000 and two 60,000-kw. turbines 
together with seven new boilers have been 
placed in service operating with steam at 600 
psi. and 825° F. Recently, one 75,000-kw. tur- 
bine and three boilers to operate with 815 psi., 
910° F. steam were ordered for the Delray plant. 

Considerable has been written concerning 
the properties of steels for service at 800 to 
1100° F. and continual development of cheaper 
and better alloys is taking place. Valuable expe- 
rience and data have been gained by their use, 
particularly in oil refineries where temperatures 
as high as 1100° are not uncommon. Some 
are reported to be in service at 1400° F. 

Much of the information has been collected 
over a short time when compared with a 15 to 
20-year period required for the economic life of 
a steam plant. Not knowing what may trans- 
pire, central-station design must be conservative 
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so as to insure against major operating troubles. 


The high temperature requirements for 


dependable steam service may be briefly sum- 
marized as follows: First, the alloy should 
undergo no structural changes, seriously lower- 
ing the physical properties. Second, the material 
should have suflicient resistance to creep to 
permit its use in parts where the total extension 
must be limited else the equipment will cease 
to function. Third, it must resist corrosion, 
cither excessive thinning of the wall or inter- 
granular corrosion. Fourth, suitable welding 
characteristics must permit fabrication in the 
field where complete heat treatment is not feasi- 
ble. This last property is not always essential. 

These requirements are of varying impor- 
tance in the component parts of a plant designed 
for, say, 925 FF. Different operating conditions 
are encountered in the superheater, in the main 
steam piping system, and in the turbine. The 
superheater tubes, for instance, must operate 
190 to 200° hotter than the piping and turbine 
because of the temperature gradient through 
the gas and steam films and the tube wall itself. 
The resistance to sulphur bearing flue gas on 
the outside and dissociated steam on the inside 
is of importance, whereas in the piping or tur- 
bine, where temperatures are lower, corrosion 
is practically absent. 

The rapid advance of pipe welding, and its 
acceptance by code authorities and insurance 
companies when suitable tests are made, have 
eliminated all belted pipe joints from = recent 
designs except at valve bonnets. Valve body and 
piping must therefore be welded without 
marked air hardening. Valve body castings 


should be made from such a weldable materia) 
and so designed that growth due to creep dors 
not exceed an arbitrary rate of 1% in 100.000 }y 
With such a low rate of extension, it is though; 
that valves will remain tight over a 15 to 2-yea, 
operating period. Tubing, on the other hand. 
can tolerate a higher rate of extension — ty 
times that selected for valve design. 

The close clearances necessary in the mod- 
ern turbine make it necessary to limit grow#! 
of parts to as small an amount as possible. 4 
recent comprehensive article by E. L. Robinso, 
in the September 1936 Merar ProGress discusses 
this subject in detail. Fortunately, the hig 
temperature is confined to the head end and 
first few stages of the turbine, since heat energy 
is rapidly converted into mechanical energy 

Consideration given these problems over 
period of ten vears is outlined in the following 
description of Detroit Edison installations, wit! 
which the writer is familiar. 

The small superheater and piping systen 
at the Trenton Channel Plant designed to ha 
dle steam at 11007 F, was built in 1928, whe 
18‘. chromium, 8‘, nickel austenitic steel was 
being proposed for all high temperature uses 
It was selected for all parts of the apparatus 
because of its outstanding properties, notwill 
standing the cost. Two-inch tubing with 0.250-1 
wall was used inside the superheater wher 
steam temperature was over 800° FF. Othe: 
tubing, in., with 600-Ib. A.S.A. Van Sto: 
joints, was used between the outlet and 
de-superheater where the temperature was low 
ered to 700° F. A 5-in. valve with nitralloy tru 


was placed at the outlet. 


Looking Down at the First Experimental Unit, Superheating Steam to 1100° F, 
1 65-ft. loop of 5-in. pipe encircles the unit. Trenton Channel plant, 1929 
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fubing was specified to have a maximum 
earbon content of 0.16°°, chromium 17 to 20%, 


and nickel 8 to 10%. Subsequent analyses have 


shown a carbon range from 0.05 to 0.09%. The 
valve. flanges and de-superheater were made 
from “Resistal 2-C,” an 18-8 alloy with a maxi- 
mum of 0.25'. carbon and silicon under 2%. 
All bolts were made from a chromium-tungsten 


chisel steel. Numerous bolting materials and 
five other alloys in the so-called low-alloy group 
were later installed on trial in this pipe. 

fhe materials used in the second experi- 
mental unit, installed in Delray Power House, 
were similar. Superheater tubing for steam 
temperatures above 800° F, was 18-8 with 0.16% 
carbon max. and 2.5‘. silicon max. The silicon 
was added to combat sulphur corrosion possible 
with the oil used for firing. Headers and outlet 
fillings were either cast or forged 18-8 (0.16%, 
carbon max.). In both superheaters the 2-in. 
tubes comprising the walls of the combustion 
chamber were protected against direct radiation 
by a refractory facing. 

Low carbon 18-8 tubing in. x in.) 
was used between the superheater and turbine. 
Welded joints and flanged ones were much 
heavier than those used in the 1100° line. <A 
safety valve at the superheater outlet and a cast 
fitting were made from 4 to 6° chromium steel 
containing tungsten; another fitting was made 
froma straight 0.505) molybdenum composition. 
Loose flanges were forged from S.A.E. 3210. 

Castings used for the high temperature 
parts of the turbine were made from a Ni-Cr-Mo 
illoy steel, and the turbine rotor and wheels 
were machined from a forging of the same. 
First stage buckets were made of “Midvaloy 
ATY-1" (86 nickel, 12°¢ chromium, 0.25‘; car- 
bon), while all nozzles and other buckets were 
made from 12 to 14°, chromium stainless steel. 
Shaft packing in contact with high temperature 
steam also was made from this material. The 
turbine has been described in Power, Oct. 27, 
31. The design was such that the high tem- 
perature was confined to the front end of the 
high pressure evlinder, where steam was admit- 
ted at 365 psi. 1000° F., and loses 120° in 
expanding through the first stage. 

information regarding the strength of mate- 
rials at the time these two installations were 


designed was mainly that available from a few 
laboratories. Had there been more service data 
‘ . 
al d, the conservative stresses chosen per- 
haps would have been increased, in order that 
appreciable creep would have occurred in a few 
ye All calculations were made on_ the 
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assumption that the materials behaved elasti- 
cally at 1000 to 1100° F, This did not give the ft 
correct working stress, as the alloys approach ie 
the plastic state at the operating temperatures. 
It did give an indication (on the safe side). 
The stress in the superheater tubes at Tren- 
ton Channel was 1600 psi. and approximately 
$200 psi. in the piping. Joint stresses, however, 
were enough higher to cause immediate trouble 
from creep in the bolts. The stresses in the ; 
Delray design were stepped up to a maximum , 
of 7100 psi. in the superheater and 6200 psi. in 
the piping. At points where measurements have 
been made, no appreciable changes have been 
found, except in the case of bolted pipe joints. 
The turbine was designed with stresses under 
D000 psi. Stresses as high as 15,000) psi. in 
straight pipe and plain bends were used in the 
third or Conners Creek design, and 10,000) psi. 
at welded joints and in pipe adjacent to creased f 
or corrugated pipe. 
Troubles encountered with bolted joints 
even when the stresses were low emphasized the 
need for adequate pipe welding technique. The 
creep of bolts, joint faces and flanges, and the 


large expansion stresses — the result of the tem- 


perature gradient from the inside to the outside ’ 
of the joint assembly make the design of a 


trouble-free, bolted joint rather difficult. 

Welding was therefore a major considera- 
tion in the selection of materials for the Conners 
Creek piping. Choice was based on investiga- 
tions supervised by Prof. A. E. White at the 
University of Michigan to determine the creep 
resistance of pipe and = valve-body materials, 
(See Journal of American Welding Society for 
September 1951.) 


Metallurgical Information 


The pipe was made from a silicon-killed 
carbon steel according to A.S.T.M. Specification 
A106-31T, and valve bodies were cast from a 
0.28, carbon steel containing 1.05'. nickel, 
0.70% chromium and 040°) molybdenum, The 
tubes in the outlet section of the first two super- 
heaters were fabricated from S.A.E. 6120 and, 
in later boilers, a 1.25') chromium steel with 
0.50° molybdenum was used for tubing. (The 
latter was described by R. L. Wilson in Mera 
Progress, September 1955.) manganese- 
molybdenum composition was used for turbine 
castings, turbine wheels were made from Ni-Cr- 
Mo forgings, and 13‘. Cr iron was used for 
buckets and nozzles. 

Considerable information has been col- 
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lected from examination of various materials 
that have been removed from the Trenton Chan- 
nel apparatus, No samples have been removed, 
as vet, from the Delray installation. The most 
complete data are available concerning the 18-8, 
four samples of which have been removed: 


Change in 18-8 After Service at 1100° F. 


and after service could not be directly compared 
because of unsound specimens. 
from the tubing in the “as received” condition 
and after service were both taken from the same 
length and the test gives a true indication tha: 
no marked changes are caused by service 

A valve, flange, and de-super. 
heater casting, made from “Resista! 
2-C,,” examined after cracks 


The mples 


were 


Hours IN SERVICE 


113,000 
38.5 | 


21,496 | 


0 6,408 | 15,535 | 

Tensile strength, psi. | 91,600 | 95,100 | 91,600 
Elongation, % 53 35 37 | 
Brinell hardness 143 148 152 | 202 | 
Loss in Izod impact 

At 70° F., % 0 5 17.3 

At 1000° F., % 0 19 11 
Carbon content, 0.05 0.06 0.09 0.05 


occurred in the last mentioned. This 
alloy, an 18-8 composition with 0.25 
C and 2% Si, was in such a poor cop- 


35,655 
115,000 
37 dition, the result of inclusions and 
183 
voids, that no conclusions regarding 

57 its suitability for high temperatur 
use could be drawn from the servic: 


0.07 The suitability of lower alloy 


test. 


The change in hardness and impact strength 
would indicate a gradual embrittlement; how- 
ever, the physical properties are still excellent. 
No evidence of intercrystalline corrosion was 
found — long temperature has 
caused the material to become “re-stabilized.” 


exposure to 


This is proven by determinations of the electri- 
cal resistance —a method used by E. C. Bain 
and his associates in many studies of conditions 
After boiling 
samples in copper sulphate solution, the third 


at the grain boundaries in 18-8. 


specimen showed a 22-fold increase in resist- 
ance, thus indicating unstable conditions at the 
grain boundaries, while the fourth and fifth 
specimens showed practically no change, indi- 
cating that the chromium removed from the 
grain boundaries and slip planes by carbide 
formation had been replenished by migration 
of chromium from the crystal interior. 

Shortly after the 4 to 6‘. chromium steel 
with tungsten became available, a valve and a 
5'o-in. pipe bend of this alloy were installed 
in the line. Both have since been removed and 
examined, the valve body after 10,818 hr. of 
1100° service and the pipe after 18,150 hr. 
Physical properties of the cast material before 


Tubing After 18,150 Hr. at 1100° F. 


Chemical Analysis, C 0.11%, Cr 5.6%, W 0.96% 


Paoreary BEFORE AFTER 
SERVICE SERVICE 
Tensile strength, psi. 77,800 74,900 
Yield point, psi. | 42,800 41,000 
Elongation in 1 in., % | 34 34 
Reduction of area, ™ 71 71 
Izod impact, ft-lb. 39 34 
Hardness, Rockwell B | 80 77% 


castings has indicated that additiona! 

investigation of cast 18-8, now produced ip 
sound form, was unwarranted. 

Experience with low and medium carbo: 


Shou 


Welded Joint for 8-In. Delray Line (1000°F.). 
ing Mechanical Reinforcement Prior to Bolting, 19°! 


steels, whose surface was protected with alum 
num, shows that the surface is protected from 
corrosion, provided the growth or creep does 
not spall off the coating. Advances in th 
method of applying the aluminum have resulle¢ 
in a more ductile layer; this product, howeve! 
has not been tried by the Detroit Edison \“ 

Experiences with ten different bolting mal 
rials indicate that a material with high cree 
resistance and high tensile strength will give t 
longest service without trouble. The temper 
ture differential between inside and outside © 
a bolted joint sets up large stresses during the 
warming-up process and subsequent operate? 
These stresses were so great in some of |1¢ 0M+ 
inal joints that 18-8 bolts, while pos ssilig 
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excellent high temperature properties, would 
stretch enough during the start-up period to 
cause leakage. The alloy giving the best service 
was a chisel steel (0.50% C, 1.25° Cr, 2.0% W), 
even though it is expensive, difficult to thread 
after being heat treated to 400 Brinell, and not 
entirely stable (structurally) at temperature. 
lhe decrease in maintenance more than offset 
the high initial cost. Its changes in properties 
after service are shown in the table below. 

Some of the bolts in the second group have 
been annealed and re-heat treated to restore the 
original physical properties. 

rhe question of suitable materials for valve 
seating use has been investigated both from the 
standpoint of corrosion and wear resistance. 
Nitralloy, first adopted for valve trim, possesses 
excellent wearing qualities at 1000° F. but loses 
hardness and corrodes after prolonged expo- 
sure. All of the stainless steel combinations 
tested, while not suffering from corrosion, had 
i tendency to score when the valve was opened 
igainst 400-lb. pressure. Siellite, because of its 
high red hardness and stainless features, has 
given good service and appears to be the best 
material at present available. 

Examination of material from the Delray 
installation has been confined to an investiga- 
tion of the supposed embrittling tendency of the 
steel used in the turbine. This has 0.300 C, 
Vda Cr, 3.10% Ni and 0.34% Mo. Results pub- 
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Motor Operated Valve in 10-In. Line Positioned Ready for 
Welding. Operates at 600 lb., 825° F. Conners Creek, 1934 


Cr-W Bolts After Service at 1025° F. 


Chemical Analysis, C 0.45 to 0.500%, Cr 1.25%, W 2.0% 


stainless steel measuring points were attached. 
The test has not progressed far enough (1800 
hr.) for any definite conclusions to be drawn 
other than to say that the creep rate compares 
closely with laboratory results. 

No troubles have developed from corrosion 
by steam, mainly because of the extensive use 
made of 18-8 and the heavy sections used in the 

low alloy castings. This subject, how- 
ever, is one of increasing interest in 


view of the extensive use now being 


made of low alloy superheater tubes in 


lished in England on similar wrought material 
‘ested at 842° F. and stressed as high as 20,000 
Pst. showed susceptibility to embrittlement, but 
similar tests conducted on the cast turbine 
material at 1000° F. failed to indicate any. 

piece of 5-in. tubing made of 1.25% Cr, 
Mo steel was recently installed in the 


110 ai 
team main to determine the extent of 
team attack, and change in microstruc- 
tur 

i ‘his contained two accurately machined 
CT 


ctions of different thicknesses to which 
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GROUP IN SERVICE | GROUP IN SERVICE new and proposed power plants 

— Examination of S.A.E. 6120 tubes 

BEFORE | BEFORE AFTER 

| removed from the Conners Creek 

sue strength, psi. | 214,000 213,000 | 225,000 | 163,000 superheater, supplying steam at 840° F., 
‘ield point, psi. 204,000 202,000 | 210,000 | ....... ndi 
Elongation in 2 in.. % 11 12 | 11 14.4 indicates the formation of black mag- 
Reduction of area, % 36 37.5 33 42.5 netic iron oxide equivalent to about 
_ il hardness 497 400 | = =462 | 338 0.05 Ib. of iron per sq.ft. of surface dur- 
sk 12.6 ee ing an operating period of 9000 hr. This 


is equivalent to a loss in original tube 
wall of 0.09%, in 1000 hr. While not serious in 
this case, where maximum /ube temperatures 
are approximately 950° F., it becomes of impor- 
tance when sfeam temperatures of 900 to 925° F, 
are contemplated, and necessitates the adoption 
of better constructional materials. 

This subject is now under study at Purdue 
University. series of samples has been 
installed in the 1100° F. steam main at Trenton 
Channel to determine the rate of steam attack. 
This group includes nine steels ranging from 
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issembling the Special Design of High Pressure 
Casing and Rotor Which Eliminates a_ Split 
Joint in the Outer Casing. Rotor and inner split 
casing retaining the diaphragms are being lowered 
Delray plant, 1930 


into the outer solid casing. 


low carbon up to and including 18-8 steel. 

Perhaps the main result obtained from the 
experimental installations, aside from satisfac- 
tory behavior of the metals selected, was the 
impetus given to the development of pipe weld- 
ing. The troubles met with flanged pipe joints 
and later, to a lesser degree, with heavier 
designs, showed that a welded joint eliminated 
troubles caused by high thermal stresses and 
creep of bolts, flanges, and joint faces — all 
inherent in a bolted assembly. 

Extensive use was made of welding in the 
construction of the Delray equipment, but in all 
except one case where full-strength flash welds 
were used the design relied mainly on mechani- 
cal reinforcement, the weld being merely a 
sealing medium, At the time work was started 
on the 825° F. 


were being made under field conditions that 


units in Conners Creek, welds 


were considered satisfactory for the temperature 


and pressure. The proper education of welders 
the development of a heating device for streg 
relief, and the use of the arcronograph al] }yaq 
a part in the sound pipe welds that wey, 
obtained. Interested readers are referred ty 4, 
article, “Modernizing The Conners Creek Poy, 
Plant” in Combustion for March 1936. 

As additional equipment was installed mor, 
extensive use has been made of welding. Thy 
only bolted joints to be found in the last add 
tion of equipment, placed in service in April oj 
this vear, are those at the valve bonnet joint: 
in the high temperature piping and at the tur- 
bine inlet. Bolted joints have been eliminated 
at the boiler and at the turbine stop valve, and 
in smaller miscellaneous piping. Those at thy 
turbine inlet were retained to facilitate turbin 
maintenance. 

In over two years of operation, the only 
troubles due to leakage have been at two valve 
bonnet joints. Aside from trouble-free opera- 
tion, considerable piping cost has been saved 
and all cast fittings other than valve bodies hay 
been eliminated. 

Turbine and boiler equipment that will » 
in service during the middle of 1938 at Delray 
Power House No. 3 will operate with steam ai 
815 psi. and 900° F, 
composed of low carbon, carbon-molybdenun 
steel and 5‘. Cr-Mo tubing arranged in the orde! 
of increasing steam temperature. The mat 


The superheater will lx 


steam piping probably will be made from car- 


bon-molybdenum steel. A low alloy similar | 


that in service at Conners Creek will be selected 
for the valve body castings; it contains 0.28": | 
Ni, 0.70% Cr and Mo, and whi 
slightly air hardening can be welded read! 
The turbine steels probably will be similat 


those already described; experience with 
Delray turbine using low alloy steels at 1000 ! 
would indicate that these materials will 
satisfactory for service at 900° F. 

In closing, it may be said that althoug! 
operation of the 1000° F. turbine has demo 
strated the practicability of design for ts 
temperature, equipment for temperatures muc 
above 925° F. is not now being built. As ' 
peratures are increased, it is necessary that! 


savings more than offset the increased 
charges resulting from higher capital expen’ 
tures. With lowering of manufacturing co’ 
through availability of high temperature ™« 
rials, with increase in fuel costs, or a chiang’ 


other factors magnifying savings, appare'! 
be built for higher temperatures. 
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Local Corrodibility of Stainless 


Special letter to METAL PROGRESS by SVEN BRENNERT 


Technical Director, DeLaval Separator Co. of Sweden 


SrockKHOLM, Sweden—tIn the manufac- 
& ture of creamery and other food handling 
equipment the use of stainless steel is wide- 
spread, but troubles with the pitting type of 
orrosion have been experienced where sea 
water is used for a cooling medium. This matter 
has been under investigation in our research 
laboratory for some time, and some of our 
studies may be of interest to Americans who 
have been concerned with this same problem. 

li is known that the resistance of metals to 
corrosion is reduced in places where they are 
in contact with the same or another material, 
nd in surfaces which have been severely 
injured by cold work — for instance, by cutting 
or shearing. When placing a cut plate of 
stainless steel in a sodium chloride solution, it 
is attacked (if at all) at the cut edges. If the 
edges are covered by an insulating medium like 
vaseline, the first attack then frequently takes 
place along boundary lines between the insula- 
lion and the steel. If the specimen is lying 
igainst the bottom of the vessel, and if the cut 
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edges have been insulated, the first action occurs 
where the material touches the vessel. 

Various hypotheses about the reason for 
this localized corrosion have been advanced. 
Evidently the passivating film is weaker at these 
points. One view is that oxygen can diffuse less 
readily to these partly covered places and the 
self-healing effect wherein the damaged oxide 
coat is rebuilt is more difficult. Others think 
that the passive or oxide film is weakened by 
certain capillary forces in the covered parts. 
Severe cold work introduces internal stresses in 
the steel and this is thought to have some effect 
on the tightness of the passivating film. 

The present writer published a means 
whereby such variations in corrosion resistance 
could be measured (Jernkontorets Annaler, 1935, 
page 281). The principle of this method is that 
the surface to be examined is exposed to an 
increasing anodic polarization relation to 
the solution; it is then determined how far 
the polarization can be raised without inducing 
localized attack. 

The test is made by means of an apparatus 
which is schematically shown in the figure. Hf 
a current is led through the solution as indi- 
cated, the surface A below the neck in the glass 
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bell jar is anodically polarized because of the 
fall of potential in the narrow ring of liquid 
between bell jar and specimen. Anodic polariza- 
tion only occurs within this circle marked as A; 
since there are no cut edges, contact surfaces or 
the like in this region of first quality plate, the 
test is made on a homogeneous surface without 
its being influenced by other disturbing factors. 

This induced potential is measured in rela- 
tion to a saturated calomel electrode. As the 
current put through the electrolyte is gradually 
increased, the potential of the surface in relation 
to the calomel electrode is continuously raised 
until the passive surface is perforated. The 
potential then quickly falls, for the underlying, 
less noble material is uncovered, which causes 
the potential of the test surface A to be changed 
in a negative (less noble) direction. This 
maximum potential is called the “perforation 
potential” and is regarded as a measure of the 
resistance of the given material to corrosion by 
the electrolyte in the experiment. 

The normal surface of various high chro- 
mium alloys has been studied in this way. The 
perforation potential in O.1N sodium chloride 
solution at 25° C. is as follows: 18-8, 0.45 to 0.55 
volt; 18-8 with 1.56% Mo, 0.55 to 0.65 volt; 12°: 
Cr, 0.0 to 0.1 volt; 20°67 Cr, 0.3 to 0.4 volt. 

In the above the plates were annealed at 
2000° F., ground on a band with “Durexite No. 
120,” pickled in HCI+FeCl, and then dipped 
30 sec. in nitric acid. With unsuitable steel 
making or treating practice, or with unsuitable 
treatment of the surface, these values may be 
considerably lower. 

The edge effect was studied by clamping 
together a nest of annealed sheets and placing 
the pile, edges up, in the same relative position 
as shown in the sketch, other conditions remain- 
ing constant. Perforation potentials in four tests 
were as follows: 0.44, 0.42, OAL and 0.43, an 
average of 0.43 volt. 

Next, a fresh sheet of annealed 18-8 had a 
round spot of vaseline, slightly smaller than A 
in diameter, centered accurately under the bell 
jar. Five such tests gave perforation potentials 
varying from 045 to 0.53, an average of OA8 
volt. This may be compared with an average of 
0.50 volt for the clean 18-8 surface. This reduc- 
tion is insignificant with that obtained on a 
surface contacting a rubber washer bolted to 
the surface; four tests gave perforation poten- 
tials of 0.34 to 0.38 volt, an average of 0.36 volt. 
This verifies practical experience, where it has 
been found that very few, if any, substances can 


reduce the corrosion resistance to so great a 
extent. This seems to be due to the materi, 
adhering to the metal without really covering j, 
there is always a certain small play. 

It is often said that a moderate cold work 
ing, as cold rolling, enhances the pitting 
stainless steels. We believe, however, that |! 


effect is rather insignificant. For instance, a | 
of 18-8 annealed and cold rolled to Rocky: 
B-108 had a perforation potential of 0.39 yo! 
(average), whereas the same materials afte; 
re-annealing and softening to B-82 had a pe 
foration potential of 0.40 volt. It is only in cases 
where the surface is injured, as, for instance 
by cutting and turning, that a very distinct fal 
in the corrosion resistance is noted. 

Some other interesting results are being 
reported to the current meeting in London 
the International Association for Testing Mat 
rials. Studying the relation of temperatur 
the 0.1N salt solution to the perforation pot 
tial of 18-8, we find that this value is about ()s 
volt at 55° F., 0.50 volt at 75° F., 0.20 volt 
110° F., and approaches zero at 160° FP. and 
above. This fact is well known from practic: 
as well as from laboratory tests, though ecarlic 
laboratory tests did not give a quantitative, | 
only a qualitative expression of these variati 
in resistance to corrosion. Thus, it is well knoy 
that hot water containers should not be ma 
of 18-8 stainless steel, because they are eas 
destroyed by the formation of pits. On the ot! 
hand, cold water containers are preferably mad 
of this material. SveEN Brenner! 


Der Sultan von Messing 


Waterbury, Conn. — Knowing that 
ProGress is always on the lookout for ! 
unusual in photograp! 


I enclose the wu! 


sual in micrographs 


You will not 
this piece of vras 
exhibited the p 
fect head 
an orient 
turban 

all. 
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Crystallography of the Chemical Elements 


AS Tabu/ated by William Hume-Rothery 
‘The Structure of Meta/s and Alloys” Monograph No /, British Institute of Meta/s 


® 
g | 
c | ettice | Interatomic| 
Element | Electron | | | Distance 
4tomic | Arrangement | Ratio | % | Ss 
No. | in Free Atoms oN | 
| 
| GS © | 
Group JA tn Pertodic Sequence 
3 Lithium (2/1 @ 15517004) — 3.04 | 5, 
Sodium | 8 |430t004 - 5.72 | 5.4 
Potassium | (8}(8)1 6 | — 4.6/8 
37 Rubidium (8)! 8 |562005) — | 487 | 
5 Cesium |6.05t003 — | 5.24 
at-/7F%C. AFC. 
Group IB 
Copper 1 1? | 3.6078 | 2.55/ 
47 Silver | 1 | | 9.0778 2.6835 883 
29 Gold 3218) -- 2 | 4.0699| — 2.8778 | 827 
Group ITA tn Periodic Sequence 
4 Beryllium (2]2 0 15848 | 66 | 22679) 3.5942| 22235) 22679| 228 
Magnesium (2) (8) 2 O 1.6236 6.6 | 52022) 5.1991 | 5.1900 | Ez 2022 3.20 
20 Calcium (2)(8}(8) 2 12 — | 59F | - [595 
(data for 450°C.) > B=O| 14640 6.6 | 3.94 | 6.46 | 394 | 3 955 | 5.98 
38 Strontium 2 12 | 6.075 — | 4296 | — 42596 
56 Barium 6 | — | 4343| — |448 
88 Radium (2H 2 - | 
Group 1B 
ZINC 2 O 1 6.6 | 2.6590| 49351| 26590| 2.9061 | 2.748 
Cadmium O 18852 | 66 | 2.9736| 5.6069) 2.9736| 3.2872| 3.042 
80 Mercury | 2 \ 6 | 2999<at-46T! 2.999! 
Group IA In Sequence 
Boron | (2/3 -- = | | | 
Aluminum | (2H8/) 5 12 4.04 | S568 ) BF 
| 2 O 1588 6.6 | 3663 | 5.8/4 5.595 3.663 | 3.629 
lanthanum | 18613 6.6 | 3.754 | 6.063 | 3.722 | 3.754 | 3.74! 
12 | 5296 | 5.754 3. 7A5 
ictinium 2 - |-!l- | 
B 
Gallium — | 3 0 | 4.5167 | 7.6448 | (note c! | | 
| | 0.99868: 169257 | 4510? | 
dium 1.077 | 48 | 4583 | 4936 |4at324;| Bat 3.1568 
| ~\a=O 1.600 | 66 | 3.450 5 | 404 | 3.427 
| — | 12 | 464 | — | 3423| — |3.42s 
(a) is bogy-centered cubic ; As face-centered Cub ic ; O/s close packed hexagon 
Dis simple rhombohedra/; Dis orthorhombic ; Ais face-centered tetr 8gor 
- }) Appears to be smaller in some alloys 
(c) atoms to unit cell; each atom has | neighbor at 2.437,2at2.706,2 at 27356 and Zat 2.795 
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ECONOMY dictates NICKEL CAST IRON 


oe 


1°” stryY’s search for more enduring metals 
is inevitably leading to more widespread use - 
; of the alloys containing Nickel. For by fortify- 
ing the simple irons and steels with additions of 
Nickel, materials are being produced that offer 
stiff opposition to metals’ deadliest foes—wear, 
5, corrosion, stress. shock, heat, etc. Pictured here 
are several examples where the use of Nickel 
alloys have substantially increased the life of 
equipment and resulted in marked economies. 
@ Every year the Rochester Gas & Electric Company handles 
’ thousands of tons of coke. The chutes and slides through 
which it flows are subjected to incessant abrasion. Tripper 
plates (see inset at right) were forme rly made of both grey 
iron and special steel, with maximum life of 33,500 tons and 
18,000 tons respectively. 
Switching to Ni-Hard®*, 
asuper-hard Nickel-chro- 
mium Cest Tron, resulted : ! 
in boosting service life 
to 250,000 tons plus. R 
| 
M1 
re 
@ These two filter grids point 
out what a radical difference 
+ there is in the corrosion resist- 
@ If cylinders are to prove economical in service they must not ance of different metals. At the left is a filter grid fror 
only be wear resistant but unusually strong. Those pictured above salt drier. It is made of Ni-Resist*, a special east iren + = 
were designed for use at a California reservoir. They operate Nickel, copper and chromium. At the right, a grid o! 
under high oil pressure and the specifications called for a tensile iron has seen the same type of service in the same I 
strength of 50,000 p.s.i. By using Ni-Tensyliron*. a high strength former was 18 months old when this picture was take \ 
cast iron composition containing Nickel. tensile strength was 5 vears is still in service: the latter was 4 months old » pt 
stepped higher than the specifications—to 60.000-80.000 p.s.i, with graphed before scrapping. The Nickel Cast [rons ear Ss 
a Brinell hardness of 265-285. lar economies in vour plant. We invite consultation « ! 
in your equipment. 
*Ke Los. Pat. Of. by The International Nickel Co.. Inc. Canadian Patents Nos. 281,986: 324.552: 278.180 
- 
‘THE INTERNATI K, .Y es 
ONAL NICKEL COMPANY, INC.,NEW YORK, thn 
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Reviews of Recent Books 


Architecture of the Metallie State 


he Structure of Metals and Alloys, by Wit.iaM 
Heme-Roruery. 120 pages, in. 61 
illustrations. Bound in limp cloth. Insti- 
tute of Metals, 36° Victoria St... London, 
S.W.l, England. Price 3s. 6d. 
Reviewed by Kent R. Horn 
Aluminum Co. of America 
fhe Institute of Metals (London) recently 
is added another series of excellent publica- 
lions to the valuable contributions which are 
egularly issued. The plan is to present a series 
reports and monographs summarizing in a 
onvenient form the recent work, during the 
ist ten active vears, in different fields related 
‘0 metallurgy. Although the British Chemical 
Society and Physical Society initiated a some- 
iat similar practice previously, it is quite 
pparent that the Institute of Metals has pro- 
osed to undertake an even better, if not more 
ificult, program. This first monograph on the 
‘ructure of Metals and Alloys is fundamental 


4 


phvsical metallurgy and most fortunately was 
repared by that distinguished scientist and 

ognized authority in the field, William 
Rothery. 


the author is to be congratulated on the 

ir, interesting, and condensed account of the 
resent day concepts of the structure of alloys. 
‘any metallurgists will be relieved to learn that 
accomplished this objective without 
sort to the dreaded crystallographic nota- 
higher realms of mathematics and 
chanies generally associated with dis- 
on atomic structure. In fact, even the 
‘yhamic treatment of constitutional dia- 
fran judiciously avoided. A knowledge of 
thmetic and a little trigonometry will 
lowever, the book is not light reading 
it, but certainly is as easy reading as 


the subject permits. So much for the minor 
virtues of the monograph. 

A comprehensive and brief treatise on the 
structure of metals and alloys is indeed welcome 
and most timely. More detailed books on \-rays 
or atomic structure are available but are gen 
erally very involved and little space is devoted 
to the study of intermetallic reactions. Likewise 
few metallography text books attempt, as vet, 
to show the principles underlying constitutional 
diagrams. Dr. Hume-Rothery presents a plan 
for the relations or combinations of metals, 
based on the present known data, in the hope 
that it might eventually lead to the construction 
of a complete map with all facts clearly 
revealed, The intermetallic phases are not 
formed as haphazardly as was previously con- 
ceived, but, in many cases, a simple relation 
seems to exist between the atomic arrangement, 
the properties of the allovs and the type of con- 
stitutional diagram representing the equilibrium 
relations of the phases. Certain principles 
governing the coupling of atoms into interme- 
diate phases have been traced, and structural 
analogies have been shown to exist between 
different alloy systems. 

The contents of the monograph may be 
briefly indicated at the risk of being reminded 
that a review should not be a summary of what 
the book contains. The introductory sections 
describe the modern concepts of the structure of 
the atom, molecule, crystal, the crystal structure 
of the elements and tabular data on the atomic 
radii of the elements. The major section is 
devoted to the structure and constitutional rela- 
tions of solid solutions and intermediate phases. 

The monograph will be appreciated by 
metallurgists and certainly deserves extensive 
circulation. Also many scientists in the allied 
fields of chemistry and physics will find the 
treatment most interesting and valuable. And 
now, saving a most palatable morsel to the last, 
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the monograph of 120 pages and 61 illustrations 
sells for only about &5c at the current rate of 
exchange! Certainly this is a pleasant surprise 
to those who are accustomed to dig deep into 
their pockets to purchase technical books. Both 
the quality and the cost of the monograph repre- 
sent another notable achievement of our worthy 
contemporary society, the British Institute of 
Metals, of which we, from = past experience, 


would expect no less. 


What Is it. and Who Makes it? 


Engineering Alloys, by Nowman E. an and 
J. Dorneiarr. 622 pages, in. 
Published by American Society for Metals, 
Cleveland. Price $10.00. 

Reviewed by E. L. 
Material Engineer, U. S. Navy 

In this book the authors have compiled 
data on over 8200) commercial alloys. The 
reader can easily obtain the name, composi- 
tion, properties, uses, and manufacture of 
practically any commercial proprietary alloy. 
Knowing cither the name, manufacturer, or the 
use of an alloy, the searcher can easily locate 
the desired information because of the con- 
densed and efficient manner in which the data 
are presented. 

The book is divided into seven sections. 
Section I, Alloy” Index, is alphabetical 
list of the alloys with their assigned serial 
numbers. The serial number locates the data 
relative to a given alloy in Section Il, entitled 
Alloy Data. In this section, alloys are listed 
according to their respective serial numbers. 
The source from which the data were obtained 
and the manufacturer of the alloy are desig- 
nated by key numbers. Section Ill, Alloy 
Classification and Uses Index, is the section in 
which the alloys, represented by their serial 
numbers, are classified according to special 
characteristics and typical uses. Section IV, 
Directory of Manufacturers and Their Alloys, 
lists the manufacturers and the alloys produced 
by each, by names and serial numbers. Section 
V is the Key Index to Manufacturers referred 
to in Section Il. Section VI consists of Bibliog- 
raphy and References. Section VII is a Useful 
Data Appendix. This last section consists of 
conversion tables, definitions of terms relating 
to testing and heat treatment, and a classifi- 
cation of the multitudinous corrosion and heat 
resisting alloys according to their chemical 
composition, 


Engineering Alloys is therefore not 4 tey; 
book with detailed information on methods o: 
manufacture, production, and treatments oj 


alloys. It is a practical and technical referene, 
book on engineering alloys. The book enables 
the reader to identify an alloy quickly; 
detailed information is desired, the book gives 
the basis for one to start on its collection, giving 
the manufacturer, who may be contacted, an 
a list of references. 

The need for this book of such concis 
presentation, vet containing a large amount o! 
information in its 622 pages, will be recognize 
by even a rapid survey of its contents. 

The commercial alloys are many and thei 
uses numerous and varied. Some alloys ar 
well known, others not so well known. Informa 
tion is often requested of those in the metal. 
lurgical profession about some alloy that ma 
not be so well known or an alloy in a different 
field from his own specialized line. Trad 
names only may be mentioned as the specific: 
material for certain parts in assemblies an 
equipment. In such ways as these and ma 
others the book fills the need for a reference 
tell vou quickly “what it is.” 

The value of the book is recognized by | 
late Prof. William Campbell, to whom the boo! 
is dedicated and who wrote the introducti 
Instead of looking up abstracts and indexes 
to quote Professor Campbell, one need only sa 
“Look it up in Woldman and Dornblatt’s Eng 
neering Alloys.” 

The authors have indeed done a larg 
volume of painstaking work and rendered 


service of high merit. 
A Suecessor to Metealf’s «Steel 


Tool Steel Simplified, by Frank R. Paces. 
pages, 6x9 in., 203 illustrations. Publis) 
by Carpenter Steel Co., Reading, Pa. ? 
$1.00 in ULS.A,, $3.50 elsewhere. 


After 27 vears of work with American ( 
steels William Metcalf sat down and wm 
“Steel, a Manual for Steel Users.” That was 
1896, and it became a best seller among 
nical books. Some of his remarks on alloy se 
now sound a little quaint, but that did not limit 
the usefulness of the old booklet very much. ! 
most of the toolsteel then and for many y°"" 
thereafter was carbon toolsteel. Metcalf Pp" 
down a lot of true talk about how to treat § 


crucible steel and how to avoid mistrealls 
and while doing so debunked a lot + phon 
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guacks and humbugs” he called them in the 
decorous Victorian language. 
lt seems about time another manufacturer 


Mol 


did the same thing for the toolsteels of today. 
rhe occasion obviously had to wait for a certain 
onjunection of the planets: A man who knows 
his stuff, has a salty phraseology, works with a 
progressive toolsteel organization, and one that 
s willing to take its customers (in fact, the 
‘trade generally) into its confidence. 

Phat propitious time has arrived, for “Tool 
Steel Simplified —— a Handbook of Modern Prac- 
‘ice for the Man Who Makes Tools” comes now, 
worthy successor to Metealfs “Steel.” Mr. 
Palmer is so frequent and welcome a speaker at 
& chapter meetings that no words are here nec- 
essary to describe the way he puts forward new 
viewpoints. There is nothing mealy-mouthed 
ibout it. Now and then it is propaganda for 
Carpenter Steel Co, but it is boldly propaganda; 
w one need mistake it. Practically all of it is 
true talk, and while an industrious critic could 
find minor flaws here and there, one cannot 
help but realize that here is a sincere effort to 
tell tool designers, makers and users the things 
they ought to know (limited only by what Mr. 
Palmer really Knows) about the selection of 
steel and its correct heat treatment. 

As to selection of steel, he emphasizes that 
water hardening carbon toolsteel is “home, the 
lace where a person stays all the time unless 
i¢ has a good reason for going somewhere else.” 
\lloys, he believes, are therefore good for four 
reasons and four only — to get more wear resist- 
ince than a well-made and well-treated carbon 
steel can give, more toughness or strength, more 
size accuracy and safety, or the property of red 
iardness. He develops the thesis that all pos- 
sible permutations and combinations of these 
nav be had with nine tvpes of steel; all others 
ire “prima donnas—she can do one thing 
most perfectly, but she can’t (or won't) darn 
socks, fry eggs, play tennis or redecorate the 
livingroom.” 

in addition to chemical analysis as ordi- 
arly reported, the influence of “timbre” is also 
‘dequately discussed, a word early used by Mr. 
‘imcr’s associates and B. F. Shepherd of Inger- 
soll-Rand Co. (past president @) to describe 
seneraily the more recently investigated phe- 

of inherent grain size, grain growth 
ristics and hardening depth. 
invone thinks these two things above 
d are easy to explain to a toolmaker, 
it! E. E. 


aut | 


Large Tin Cans in Storage 


Metal for Food Containers 


Tinplate and Tin Can Manufacture in the United 
States, by Broce W. Gonser. 144 pages, 
159 illustrations. Paper cover. 
Published by International Tin Research 
and Development Council, 119 Broadway, 
New York, for controlled circulation. 

Reviewed by C. C. 
Standard Tin Plate Co. 

This beautifully printed booklet has been 
prepared by the Battelle Memorial Institute as 
Bulletin No. 4 of the International Tin Research 
and Development Council. It is the first coher- 
ent description available in print of the modern 
manufacturing processes for the production of 
tinplate and tin cans. Most ably written, sup- 
ported by excellent photographs that in them- 
selves are pictorial stories, by history, highly 
informative maps, charts, and tables, there ts 
no cessation of interesting and instructive read- 
ing from the time the reader— be he layman 
or technician —is introduced to the subject 
until the time he makes his final adieu to the 
finished can. 

Some of the outstanding achievements by 
the tinplate and tin can industry in the United 
States featured are recent developments in con- 
tinuous rolling practice; hot and cold reduced 
base plate strip; the abolition of the practice of 
hand tinning of the base plate for that of the 
mechanically operated tin pot with resultant 
more uniform tin coatings and better cans at 
higher speeds of production — for some types 
300 to 400 cans per minute; protective sanitary 
linings for cans; improved decorating methods; 
high class technical supervision, more rigid 
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inspection, and higher quality products 
generally, 

It is a long trek from the southeastern cor- 
ner of Asia, where most of the world’s supply 
of tin ore is obtained, to my lady’s kitchen in 
the United States where many tin cans reach 
the end of their usefulness. But, step by 
step, under the guidance of Dr. Gonser and his 
co-authors of the Battelle Memorial Institute. 
H. W. Gillett, H. W. Russell, and S. Epstein, 
one makes the different stages quickly, enter- 
tainingly, and comprehensively as has not been 
possible heretofore. 

The authors deserve high commendation 
for this excellent contribution to a rather barren 
area in the field of industrial literature. The 
International Tin Research and Development 
Council are also to be commended for their 
foresight in placing this subject before the Bat- 
telle Memorial Institute. A copy of this book- 
let should be on the “must” reading list) of 
every tinplate and tin can manufacturing plant; 
as well as the packers and their customers. 


The Late Henry Le Chatelier 


Special Issue of La Revue de Métallurgie for 
January 1937, dedicated to the memory of 
Henry Le Chatelier. Paper bound, 8'5x10!. 
in., 160 pages. Price 30 franes. 


No more fitting honor for its founder and 
director from 1904 to 1920 could La Revue de 
Velallurgie have devised than this complete and 
well-arranged biographical appreciation of 
Henry Le Chatelier, honorary member ©, to 
whom death came last fall at the age of 86. 

Although his most important contribution 
to science was probably his work on pyrometry 
and high temperature measurement, his field 
of activity was wide and is described in seven 
chapters dealing with his life, his work in metal- 
lurgy, in the constitution of metallic alloys, 
chemistry, cement, explosives, and industrial 
applications of scientific findings. These divi- 
sions are written by different authors including 
such illustrious names as Guillet, Charpy, Porte- 
vin and Chevenard. 

Following come 25 notes honoring Le 
Chatelier written by leading scientists in all 
civilized countries. Finally is a 16-page bibli- 
ography of the works of this prolific scientist. 

Although this method of presentation is 
necessarily repetitious and sometimes over- 
whelming in the lavishness of its laudation, 
nevertheless it leaves one with a feeling of per- 


sonal acquaintanceship with a man who was 


great not only scientifically, but mentally, mor. 
ally and spiritually as well. M. R. Hysto 
Quality Steels, Made in Germany 


Die Edelstahle, by F. Ravatz. Second Edition 
386 pages, 163 illustrations. Published py 
Julius Springer, Berlin, W9, Germany 
Price 22.80 Reichsmarks (subject to dis. 
count for foreign sale). 

Reviewed by Mareus A. GRrossMANN 
Carnegie-Ilinois Steel Corp. 

As the author says in the introduction { 
this second edition, there has been much: prog. 
ress since 19214 (the date of the first) and many 
new points of view have developed. The present 
book is therefore largely new. 

Its scope is perhaps best described by list- 
ing the space devoted to the several items 
Theories 62 p., alloy steels 110° p.. strengt! 
properties 25 p., applications 165 p., inspection, 
manufacturing and defects 13 p. 

It is clear then that the major portion of th 
book is devoted to a description of the effeets 
of allovs on the properties of steel, and th 
manner in which these effects are employed i 
suiting steels to industrial service. Therein lies 
its value. It provides a ready reference work 
for those who wish to obtain informatio 
quickly on the application of special steels for 
specific applications. The book is small am 
indeed not an encyclopedia, but within the lim 
its of its size it furnishes valuable informatio 
as well as adequate reference to the work o! 
others. If the references in it include mor 
commonly the work of Europeans, it must ! 
remembered that this is only natural for 
European book. Undoubtedly our America! 
books err in a corresponding manner 

It has been pointed out that this ts essel- 
tially a book for practical reference, The funda 
mental or theoretical side is therefore handled 
less completely. Perhaps future edison 
will contain more of the still more recent col 
ceptions of steel behavior. Thus the section ©! 
“hardening sensitivity” could well be expande’ 
to include the now familiar conceptions of gr! 


coarsening and carbide solution with 
attendant greater hardenability, and there cou" 


to advantage be further discussion of rales | 


reaction in hardening, although the /atter > 
indeed mentioned briefly. 
In the section on alloy steels, the reseren 


(Continued on page 650) 
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are quite complete and adequate, including 
some interesting items on the much less common 
elements. The more common alloying ele- 
ments, such as manganese, chromium, nickel, 
tungsten, molybdenum and vanadium, are 
treated at some length, devoting some six to ten 
pages to each of these elements. One finds in 
general that the percentages of alloving ele- 
ments appearing in the quality steels made in 
Germany are similar to those used in this coun- 
try. Indeed, there is frequent reference to 
American publications. There are brief notes 
also on such elements as boron, beryllium, 
arsenic, selenium and the like, and short dis- 
cussions of the effect of titanium, copper and 
uranium on steel. 

The section on steel applications presents 
a good picture of the present state of the art in 
Central Europe, and it is noticeable that the 
points of view are quite like those obtaining in 
the United States. As to mechanical properties, 
there is a small section of tables which supple- 
ment the mechanical properties already listed 
under the several alloving elements. Further 
fields of application include the magnet steels 
and the electrical steels including transformer 
sheets. A considerable section is devoted to the 
stainless steels and heat resisting steels. <A 
special division discusses high speed steels and 
this is followed by extensive discussion of the 
tungsten-carbide type of cutting tools, ending 
with a discussion of the general problem of 
machinability. 

The book may therefore be recommended 
to those reading German as a concise treatise 


on the practical applications of alloy steels. 
Malleable Castings 


La Malleable, by Mavnice Leroyver. 227 pages, 
6x10 in. 118 illustrations. Published by 
Dunod, 92 Rue Bonaparte, Paris, (VI), 
France. 

Reviewed by E. K. Smiru 
Electro Metallurgical Co. 

This rather brief book contains great 
amount of up-to-date information on malleable 
castings of all types. The author is gifted with 
a concise stvle and has condensed most of the 
information on this subject into a very readable 
and comprehensive treatise. M. Lerover has a 
happy faculty of presenting both theory and 
practice in such a way that one who has read 
his book from cover to cover will have a com- 
plete idea of the way in which malleable cast- 
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ings are made and used throughout the world 

Fortunately, the author is impartial, and 
there is a refreshing freedom from opinionated 
talk. In controversial subjects he usually states 
first the side favored by the majority, then th 
arguments of the minority, finally giving his 


own opinion with reasons therefor. 

In covering this subject, he has drawn very 
freely from published work in the United States 
He also has cited a good deal from German and 
Japanese abstracts, and surprisingly little from 
the British. 

Among the subjects of practical as well as 
theoretical interest which are thoroughly dis- 
cussed is the phenomenon of embrittlement of 
malleable. The author points out the similarity 
to Krupp Krankheit (“steel sickness”), stating 
that this phenomenon can generally be attrib- 
uted to variations in the solubility in alpha iro: 
of various elements or compounds, particular 
of nitrogen, oxygen, and phosphorus. 

Theories of decarbonization and anneal ar 
discussed thoroughly, with special reference t 
the work of Matsubara, Schenck, Schwartz 
Wust, Honda, Murakami, White, Lederbur, and 
others. In this connection the author shows his 
very practical knowledge of the subject by going 
into the effect of decarbonized rims on turning 
and tapping, which is of great interest | 
machine shops dealing with malleable castings 

The author's discussion of all types of mel! 
ing and annealing is excellent. He, of cours 
covers standard processes and also brings in 
large amount of practical information 
instance, the effect of cooling on physical pro| 
erties, the influence of gas and packing, | 
(Continued on page 652) 
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EVEN in products or equipment in which maintenance 
involves merely routine repairs, the use of Molyb- 
denum steels can effect worth-while economies. But 
when maintenance also involves the cost of new 
parts, replacement labor, service interruptions, time 
and profit losses, the infinitely greater wearing quali- 
ties of Moly steels mean savings too substantial 
to be overlooked. 


saved is money earned 


One of many actual instances proving the capacity 
of Moly steels to withstand rough service over long 
periods, is found in the lift-chain bushings of sand 
diggers. Chrome-Moly steel bushings replaced the 
former kind. Although subjected to terrific battering 
and continuous service, their records showed a de- 
cided increase in life and, consequently, a decrease 


in service interruptions and maintenance costs. 


Under virtually every kind of operating condition, Moly steels and irons will prove their economy through greater strength 
and longer wear. Investigate. Send for our technical book, “Molybdenum.” Ask us to mail you our monthly news-sheet, “The 
Moly Matrix.’ Consult our laboratory on your difficult ferrous problems. Climax Molybdenum Co., 500 Fifth Ave., New York. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


Climax Mo-lyb-den-um Company 
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results obtainable by various quick anneals, and 
the effect of high carbon with rapid cooling. 
lhe author shows excellent examples of unusual 
malleables. In particular, the micrographs 
showing cementite network in a malleable con- 
taining silicon 0.26°, and sulphur show 
the wide range which he covers. Tle also makes 
sugvestions on the best methods for obtaining 
special properties in the castings such as 
strength, or ductility, or machinability. His 
discussion on the effect of different shapes of 
vraphite, including the notch effects, is) par- 
ticularly good. He brings out the point that 
the nodular form of graphite in malleable does 
not favor the penetration of gases, that the tend- 
enev of malleable toward growth is far less 
than that of ordinary cast iron, and that the 
addition of inhibitors prolongs the life of mal- 
leable castings under high temperature condi- 
tions. (In another section he states that such 
inhibitors are also used for the prevention of 
vraphite in heavy sections before the annealing 
operation.) 

Numerous references are made throughout 
the text to a bibliography, covering one hundred 
references. As this book will doubtless be used 
mostly for reference work, it is unfortunate that 


an index is not included. 


Old Man Corrosion 


Corrosion Resistance of Metals and Alloys, by 
J. MeKay and Roserr 
American Chemical Society Monograph 
Series No. 71. 162) pages, 6x9 in. Pub- 
lished by Reinhold Publishing Corp., New 
York. Price $7.00, 


Reviewed by J. J. KAN TER 
Crane Co., Chicago 

valuable work comprises a worthy 
addition to that series of monographs on chemi- 
cal subjects of which it is a member. As is 
characteristic of these books produced under the 
auspices of the American Chemical Society. 
the authors are particularly qualified through 
expericnce and professional connection to give 
an authoritative and comprehensive treatment 
to the difficult) subject of metallic corrosion. 
Theirs is perhaps the first book to appear 
giving a concise assembly of corrosion informa- 
tion for the entire range of metals and alloys, 
ferrous and non-ferrous, of technologic impor- 
tance. The stated purpose of the work, appear- 
ing in their preface, “to summarize the facts on 


corrosion and processes and rates” has been 


skillfully achieved. A quick appraisal the 


present state of knowledge of alloy corr 
most satisfactorily afforded with this ney ’ 
at hand. Thus its value in helping to jude th, 
proper choice of alloys is apparent. 


The volume consists of two parts. 1 firs 


is a treatment of the general and theoretices 
aspects of corrosion such as rate factors, Vpes 


and forms of corrosion, Classifications of eo) 
rosive media and the metal corrosion properties 
This section is a most readable presentation o| 
the modern physical-chemical views on the 
eral causes and inhibition of corrosion. A 
rational understanding of the possibilities and 
limitations in the combating of corrosion and 
the handling of media is perhaps the most 
effective approach to the whole subject. Wit} 
such a theoretical background the authors intro 
duce the second part of the subject — a detailed 
consideration of the corrosive behavior of sp 
cific metal and alloy groups with respect to th 
various media and conditions of servic 
which they are exposed. 

Individual chapters are devoted to specifi 


metals widely used as alloying bases. In cae! 


such chapter is treated the group of alloys 
protective coatings implied by this “key” metal 
These alloy groups include magnesium and its 
alloys, aluminum and its alloys, zine and zin 
coatings, cadmium plate, tin and tinplate, lead 
iron and steel, silicon-iron, molybdenum alloys 
chromium alloys, chromium plate, nickel-ir 

alloys, copper and the high copper alloys, brass. 
bronze and nickel silver. Appended to cac! 
such chapter appears a bibliography, enhancing 
the utility of the book as a guide to other litera 
ture. Charts, diagrams and tables are protus: 

used and add to the effectiveness of the dat 

presentation. Since metals rather than med 
form the foundation of presentation, one ts com 
pelled to make copious use of the subject ind 


in locating information on suitable mat 


nal 
i 


for applications to specific media and 


tions. The completeness of the indexes bespeaks 
the authors’ realization of this problem. 

The vast economic waste wrought by corre 
sion is subtly kept before the reader by as 
of whimsical sketches, initialed R.W.. appeal! 
at odd spots throughout the volume, depicts 
the diabolical exploits of “Old Man Corrosion. 
His career is followed in epic fashion from © 


frontispiece where he embarks upon a crusa’ 
of destruction to closing page where thi rt 


of science and industry have finally 
plished his demise! 
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YOU DON’T HAVE TO 
TURN OUT ALL THE LIGHTS 
WHEN YOU REPLACE 
A LAMP BULB 


AND YOU DON’P’HAVE TO SHUT DOWN THE 
FURNACE TO REPLACE A“GLOBAR” ELEMENT 


Globar Brand Non-Metallic Heating 
can be quickly replaced 


vhenever necessary. [ts almost as easy 
- puiting in anew lamp bulb. Look 
the illustration and see how simple 
tis. First back off the thumb nut (A) 
ind push the terminal mounting (B) 
to one side. Next withdraw the water 
vole d terminal (C) and then the 
lement (F) through the terminal tube 
nd block (D and BE). Now insert the 
element. followed by the terminal 
ind mounting, and the job is done. 
the whole thing takes but a minute. 
“unple. isn’t it? 
lhere is no need to shut down the 
‘urnace. [It continues in service with 
no break in the production schedule. 
‘ich is something mighty important 
‘furnace operator. Be sure to check 
point when you consider a new 
hurnae nstallation. 


Only Globar Brand Non-Metallic Klectric Heating can he replaced 


this simple way without furnace shut-down or loss of production. 


GLOBAR DIVISION 


THE CARBORUNDUM COMPANY 
Niagara Falls, N.Y. 
Sales Offices and Warehouses in New York. Chicago, Boston, Philadelphia, 


NON- W TALLIC ELECTRIC HEATING ELEMENTS Cleveland, Detroit. Cincinnati. Pitt-burgh. Grand Rapid- 


Glohar are registers ade-marks of The Carte 
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Personals 


Gilbert E. Doan &, associate 
professor of metallurgy, Lehigh 
University, has been advanced to 
the position of professor of metal- 


Warner S. Hays has been made 
managing director of the Ameri- 
can Welding Society. 


Frederick M. Becket @, presi- 
dent of Union Carbide & Carbon 
Research Laboratories, Ine., has 
heen awarded the Acheson medal 
of the Electrochemical Society. 


Col. Glen F. Jenks &@ has been 
transferred from Watertown 
Arsenal to the Office of Chief ot 
Ordnance, U.S. Army, Washing- 
ton, D. C. He is chief of the 
technical staff of the Ordnance 
Department. 


FORTHE TOUGHEST” METAL WORKING CONDITIONS 


Get the RIGHT Cutting Oil 
for GEAR ROUGHING 
GEAR FINISHING 
and GEAR BROACHING 


The many years experience of the largest automotive 
gear manufacturers substantiates the unequalled per- 


formance and low cost of 


Pat'd. Oct. 19, 1926 


When your cutter cost seems unnecessarily high, or when the finish 
of your gears is being criticized by your inspectors or customers, valu- 
able time and money can usually be saved by getting Stuart's 


“THRED-KUT” Oil on the job. 


Order trial drum at once of this superior cutting 
lubricant. Use it for gear cutting according to special 
directions that will be furnished upon request AND 
WATCH STEEL, TOOL and FINISH COM. 


PLAINTS DISAPPEAR! 


Convenient warehouses and branch offices at principal 
industrial centers in the United States and Canada. 


Wire following address collect 
available our local address. 


General Offices 


5-2755 South Troy St. 


if you do not have 


Chicago, U.S.A. 


D.A.STUART & CO. 


CHICAGO 


ESTABLISHED 


U. 


Warehouses in Principal Industrial Centers 
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Albert J. Dornblatt @ ha, 
accepted a research associ: ship 
at the National Bureau of Stand. 
ards, Washington, in the enyplo. 
of The American Metal ( 1 ti 
of New York. 


John Ward Bolton &, Linke 
heimer Co., Cincinnati, has bee 
awarded the John A. Penton 
medal of the American Foundry. 
men’s Association. James T. Mac. 
Kenzie American Cast 
Pipe Co. Birmingham, has 
received the J. H. Whiting meda! 
and Charles Willers Briggs 6 
U.S. Naval Research Laboratory 
Washington, D. C., the Willia 
H. MeFadden medal. 


J. R. Heckman Ss. for the past 
live vears manager of the Chi- 
cago district of The Midvale Co 
has resigned to become distri 
manager of the General Alloys 
Co. in the same territory. J. ( 
Glass ©. associated with 1 
Midvale Co. for the past 17 years 
in the Cleveland district, will s 
ceed Mr. Heckman. 


R. J. Perry formerly 
hardener for John Deere Harves 
ter Works, is now with Nordber: 
Mfg. Co., Milwaukee, in the sa 


capacity, 


Maurice L. Pinel © is 
instructor metallurgs 
Columbia University. 
previously research assistan 


physical metallurgy. 


Fred L. Spangler ©, torn 
mmetallurgist at Hamilton Wat 
Co., has accepted a position 
Leeds & Northrup Co, in th 


ket Extension Division 


WH. Steinkamp @ 
transferred to Buffalo as 
trial manager, Brown Ins! 
Division, Minneapolis-l 
Regulator Co. 


H. Y. Bassett & 
employed by Surtace ¢ 
Corp., Toledo, as sales 
specializing in the n 
field. 


| 
| 
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ATLAS 
Hot Work Steel 


@ Wherever a tough tungsten hot work 
steel is needed to withstand extreme shock 
and sudden temperature changes, Atlas A 
is recommended. If water cooling is to be 
used, Atlas A will stand up under service 
conditions of this kind better than Mohawk 
or Atlas B. It has a good red hardness and 
is hard wearing. 

Atlas A is recommended for hot nut tools, 
such as crowners, cut-offs, side dies, and piercers; 
also for punches and dies subject to severe shock 


and temperature changes. 


DATA ON ATLAS A 
Typical Analysis 


W. 9.00 
Cr. 3.50 
V. A5 


Hardness Ranges 


Treating Ranges 


Forging 2000-1600° F Annealed 207-228 Br. 
Annealing 1550-1600° F Forged 450-500 Br. 
Hardening 1950-2150° F Quenched 50-53 Rock. C 
Quenching Oil or Air Drawn 40-47 Rock. C 


A new Blue Sheet, giving physical properties 
of Atlas A Steel with comprehensive test data 
and recommendations for heat treating, will be 
sent on request, without cost or obligation. Use 


LUDLUM 


FINE STEELS SINCE 1854 


TOOL - STAINLESS - CARBON - ALLOY 
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the convenient coupon below or write Research 
Department, Ludlum Steel Co., Watervliet, N. Y. 
Ludlum engineers and metallurgists will freely 
apply their broad experience to the consideration 
of your production problems. Whether they in- 
volve hot work or other steels, they will receive 
thorough and expert consideration. All reports 
and recommendations will be frank and impartial, 


The Blue Sheets 


The Blue Sheets... 
a unique Ludlum serv- 
ice... report actual 
physical tests on va- 
rious Ludlum steels, 
with extensive data for 
convenient reference. 


LUDLUM STEEL CO., Research Dept. 
6 D Street, Watervliet, N. Y. 
Please send me, free of charge, your Blue Sheet on Ludlum 
Atlas A Steel. 
Name 
Company 


Addre ss 


ge 0595 


ats ry . 
4 $ A “ae 
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man of the Chicago Chapter i 


and for the past six vears metal- 


lurgist for the Edison General 
Electric Appliance Co., has joined 
Carl G. Werscheid @ is now Metall J seal 
Alloy Division, Metallurgica 
connected with the St. Louis ' lin 
epartment, Carnegie- inois 
office and warehouse of the 


Steel Corp., Chicago. 
Ludlum Steel Co. Steel Corp hicago 


hk. W. Grant @ has been trans- J. P. Morrissey @ has been 
ferred to the Corrigan-MeKinney appointed head of the Weld Rod 
plant of Republie Steel Corp. at Sales Division of the Harnisch- 

Cleveland as chief inspector. feger Corp. of Milwaukee. 


Pointing To Lower 
Heat Treating Costs 


From slow speed to high speed — from /ow’ 
heat to high heat—, but from high costs 


to /ow costs 


When Cimet roller shafts are used you are 
pointing to lower heat-treating costs — 


The shafts shown in the illustration are 
made of “Cimet’” and are used with gas 
fuel in a roller type heat-treating furnace 
operating at 1800 F. 


: These normalizing shafts are cast in one 
} piece to give longer uninterrupted service— 


“Cimet” is the nickel chromium alloy to 
use for normalizing atmospheres under 
operating conditions up to 1900 F.— 


DRIVER-HARRIS COMPANY 
HARRISON, N. J. 


Chicago Detroit Cleveland England France Italy 
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H. O. Hartdegen, sales ep 


is taking charge of the n 


New York and eastern P, 


vania territory for Driver-| 


Co. J. B. Shelby @, form: 
charge of this territory, he 
advanced to the managem 
the Foundry Division, wh 
will act co-manage: 
Joseph Sammon @. 


Dwight V. Hall @ has he: 
moted to supervisor of al 
treating operations for D 


Aircraft, Inc., Santa Monica, Cali! 


lig 


C. Kondy @ has left Sweris 
Crucible Steel Casting Co., Det; 
and is now with St. Louis Ste 


Casting Co. metallurgi 


charge of melting. 


st 


Paul H. Setzler ©. torme: 


development engineer for 


position as production manag 


of Lukenweld, Ine. 


Ralph L. Manier @ has be 


Phe 


Lincoln Electric Co.. has taken a 


appointed to the Central Divis 


Stal! of the Niagara Huds 


Power Co. S. W. French & s: 
ceeds Mr. Manier indust 


heat engineer for the Syracus 


Lighting Co., Inec., Syracuse, \.) 


Minneapolis. 


C. H. Joy has been app 
sales representative in th 
burgh district for Wh 
Instruments Co. 


R. J. Southwell has 
appointed sales manag 
Andrew C. Campbell Divis 
American Chain & Cable ¢ 


Bridgeport, Conn. 


Albert L. Galusha has |! 
associated with The \S 
Engineering Co., Cleve 
chief engineer of its 
acquired line of Galus 
equipment. 


Paul Schwarzkopf 0! 
Austria, has accepted | 
deney of the American 
Alloys, Inc., New York | 


Pitt 


tt 


int 


L. J. Reay has been appo! 
president of the Mahr Mig 


it 
| 
r 
4 
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VANADIUM STEELS 


contribute to the Strength and Safety 
OF THE REVOLUTIONARY PRIBIL "AIRCAR” 


Neither auto nor trailer — but a roomy, comfortable 
mbination of both — that’s the new Pribil “Aircar.” 
\Vith seating capacity for eight persons . . . equipped 
ith all the comforts of home — table, icebox, studio 
couch for two people — the Pribil “Aircar” weighs only 

pounds. 

For maximum strength and safety, the chassis and 
vody of the Pribil are an integral unit — with light 
hut strong truss members of Vanadium Steel. Axle 
vhafts, gears, transmission shafts and other vital parts 
t the Pribil are also Vanadium Steel. 


When you are designing for strength and safety, yet 


* 
\ 


Pribil Safety Aircar, designed 
and built by Saginaw Stamping 
& Tool Company. Weight has 
been kept to the minimum, 
without sacrifice of safety, by 
the use of Vanadium Steels in 
truss members, axle shafts, 
gears, transmission shafts and 


other vital parts. 


wish to eliminate every superfluous pound, remember 
the high strength, toughness and anti-fatigue qualities 
of Vanadium Steels. 

Write for data — or, better yet, put your steel prob- 
lems up to the Metallurgical Engineers of the Vanadium 
Corporation of America. They'll be glad to help you 


— without obligation, of course. 


VANADIUM CORPORATION OF AMERICA 
420 LEXINGTON AVENUE, NEW YORK, N.Y. 
Plants at Bridgevilie, Pa., and Niagara Falls, N.Y 
Research and Development Laboratories at Bridgeville, Pa 


VANCORAM 


FERRO ALLOYS 
of vanadium, silicon, chromium, 
and titanium, produced by the 
Vanadium Corporation of America, 
are used by steel makers in the 
production of high-quality steels. 


FOR STRENGTH - TOUGHNESS: DURABILITY 
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Monroe & Jeferson Sts 


SHEFFIELD 


QUALITY 
TOOL 
STEELS 


163 years of skilled 
workmanship defi- 
nitely obliterates un- 
certainty. There is 
always a plus differ- 
ence in Jessop’s 
Sheffield Steel insur- 
ing uniform products, 
dependability, plus 
top performance. 


A good tool must be 
made of the Best 
Tool Steel. 


JESSOP'S 


SHEFFIELD 
STEELS 


Wo». JESSOP & SONS 


NCORPORATED 


CINCINNATI 
THE FREDERICK STEEL CO. 
Spring Grove & Mitchell Avenues 


59 Frederick Street 


Embrittled Copper 


(Continued from page 627) — of grain boundary 
voids. In the next experiment a sample from {hy 
same lot of copper was packed in aluminum 
oxide in a seamless steel tube and heated for th, 
same length of time at the same temperatur 
This treatment gave a brittle wire and justified 
the conclusion that the steel tube at least was g 
source of reducing atmosphere. 

In the next experiment copper from thy 
same lot was packed in sea sand in a porcelain 
tube and heated for one hour at 800° CC. This 
sample proved to be brittle and showed unmis 
takable evidence of gassing, justifving the con 
clusion that the sea sand was a second source: 
of reducing atmosphere. When this experi 
ment was repeated, using sea sand which had 
previously been ignited four hours in air at 
600° C, (1100° F.) to remove any organic matte: 
which might be present, and then used as a 
packing in a porcelain tube the copper sp: 
men remained ductile, indicating that som: 
thing on the surface of the sand had been 
responsible for the reducing atmosphere pro 
duced when that material was used withou! 
preliminary calcination. 

To satisfy ourselves that the presence of 
iron as such had nothing to do with the em- 
brittlement of copper, the following experimen! 
was performed: Tough pitch copper wire from 
the same lot of material was packed in fine! 
divided aluminum oxide in a tube made from 
electrolytic iron, which iron contained 0.005 
carbon, the tube having been closed by coppe! 
plugs at both ends. After having been heated 
for one hour at 800° C. the copper specimen 
was ductile, offering further proof that it had 
been the carbon in the seamless steel tube whic! 
was responsible for at least some of the rect 
ing condition. 


These experiments, in the opinion of th 


author, serve to emphasize the fact that a ver) 


small amount of reducing atmospher 
with the proper conditions, produce em! 
ment of tough pitch copper. Some cases !" 
such embritthkement has more or less freq 
been found (and it is to be hoped less 
than more frequently) are brazed joi! 
enameled wire. Such embrittlement 
course, be avoided by the use of coppe! 


contains no oxygen, now a commercial | 


Calis 


Metal Progress; Page 658 


1774 es 1937 
NEW YORK BOSTON 
121 Varick St 163 High St. I 
CHICAGO TORONTO 


PURE CARBIDE-FREE 


metals 


Tungsten Powder ___ 97-98% 
Pure Manganese ___. 97-99% 
Ferro-Chromium 60% 
Pure Chromium ____ 98-99% 
Ferro-Tungsten 

Ferro-Titanium_25° and 40% 
Ferro-Vanadium ____ 35-40% 


Send for Pamphlet No. 2021 


Metal & Thermit Corp. 


120 BROADWAY, NEW YORK, N. Y. 


Albany Pittsburgh Chicago 
South San Francisco *® Toronto 


(Wanted. ee SIX TECH- 


NICALLY TRAINED YOUNG MEN 


for sales engineering work on alloy bars 
and seamless tubes. Metallurgically 
trained men with two to six years experi- 
ence in steel mills preferred. Past sales 
experience not essential. Applicants 
should have the desire to keep abreast of 
modern developments in ferrous metal- 
lurgy and combine same with develop- 
ment and creative sales work. Success- 
‘ulapplicants will be given a thorough 
‘raining in all phases of the company’s 
business, length of training depending 


on past experience. 


Box 100. Metal Progress. 


Transparent Mountings 
for Irregular Specimens 


The dream of the Metallurgist became true with the 
introduction of an absolutely clear and transparent 
mounting material. See all sides of the specimen. 
Observe the location of a broken weld and study 
the very spot microscopically. Ideal for “The 
Electrolytic Etch.” 


The New A-B 
Specimen Press 


Hundreds of Metallurgists using 
our press never again would go 
back to the old melting pot and 
ladle method for mounting metal 
specimens. For “extreme edge” 
studies, convenience in handling, 
speed and economy use the A-B 
Hydraulic Press and eliminate dif- 
ferential etching action frequently 


encountered with the fusible alloy. 


A new service devoted 
to the Metallurgist. 


Ask for your copy of ‘‘The Metal Analyst’’ 


featuring new methods for the daily routine of the Metallurgist. 


OPTICAL INSTRUMENTS * METALLURGICAL APPARATUS 
228 NORTH LA SALLE ST.** CHICAGO ILL. 
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Induction Furnace 


(Continued from page 621) Vf the crucibl; 
should actually break through, the damage to 
the copper furnace coil will necessarily | 


smaller than though the metal encountered ayy 
iron parts in the furnace shell. 

The crucible of this six-ton furnace is given 
an acid lining for which quartzite is used. [t 
can be prepared either by the Rohn process o; 
the tamping process invented by the Siemens 
& Halske firm. 

According to the Rohn process, the bottom 
is first tamped in, the copper coils lined with an 
asbestos jacket, and a sheet metal lining o1 
inner template properly placed. A_ layer of 
refractory is then placed, tamped from top and 
interior (through the template by a pneumati 


aad WRITE FOR COPY OF BOOKLET TODAY hammer) and this layer roughened by a pointed 


iron bar before the next laver is placed. Sinter- 

’ a ing takes place through the template which is 
A slowly heated by induction; it finally becomes 


hot enough to melt. 

SIMONDS SAW & STEEL CO., LOCKPORT, N. Y. According to the tamping process patented 
by Siemens, a pneumatic tamper rams in a mix- 
ture of moistened quartzite of graded_ sizes, 
mixed with small quantities of binder (dry, fin 


quartzite mixed with boric acid). Interior and 
exterior templates are used. After finishing, 
the outer template is removed, and the spac« 
between crucible and furnace coil is filled wit! 
dry crucible material. After that, the crucibl 
is dried with induced heat by the aid of th 
inner template, and hardened. This process 
requires about hr. After drying, the inne: 
template is pulled out and the furnace is ready 


a 
NON-BURNING 


for charging. 

|Presumably the lower part of the lining Is 
rammed in, the top being built of chamott 
brick, protected during the first heat by a thin 
corrugated metal sleeve. This method is widel) 
used in Europe, although Americans prete: 
asbestos sleeves, which do not need to be cor 
rugated to take care of expansion — Edilor 

Each of the two methods has certain advat- 
tages and disadvantages. When made by t 
Rohn process, the softening point of the crucibl 
is somewhat higher, thanks to the absence ©! 
any cement. On the other hand, the Sicmens 


CARBURIZERS 


are especially designed to 


afford abrasion resistance 


and low burning losses. 


crucible possesses a higher mechanical strengt!. 
4 CHAR PRODUCTS COMPANY since coarser granules can be used, and a dense! 
ith 


wall built. The labor costs are the sam: 


MERCHANTS BANK BUILDING INDIANAPOLIS 
skilled crews, from 8 to 10 hr. is require: q 
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Be. 


INDUSTRIAL 
FURNACES 
of all kinds © 


FORGING. HEAT TREATING. METAL 
MELTING, ETC. 


CAR TYPE FURNACES, CONVEYOR 
FURNACES and the STEWART GASIFIER 


A Stewart representative is located near you. Let us 
know and we will see that he gets in touch with 
you quickly. 


_ CHICAGO FLEXIBLE SHAFT CO. 


1104 South Central Avenue, Chicago, U. S. A. 
FLEXIBLE SHAFT CO., Ltd., 327 Weston Rd., S., Toronto, Ontario, Can. 
Eastern Branch Office: 11 W. 42nd St., New York, N. Y. 


| My uniformity in Jelliff wires is assured! 


rer of our testing room where a 
n trom each spool of resistance wire is 
pected, as a check to the rigorous 
tttending every stage of production 
final drawing 
iif as specialists of over 55 years 
40 to work for you. 


The C. O. Jelliff Mfg. Co. 


Southport, Conn. 


June, 1937: 


TAG 
CELECTRAY 


PHOTOCELL::- ELECTRIC LIGHT RAY 


AS Good PRODUCTION TOOLS 


More and more the metal industry has come to 
realize that only TAG CELECTRAY Photoelec- 
trically Balanced Pyrometers offer precise control 
in the plant... For, with amazing simplicity of 
design and unusually rugged construction, these 
instruments provide unmatched low maintenance ex- 
pense and notable operating facility. . . The op- 
erator is instantly aware of changed conditions as 
the light beam changes its color. 


TAG CELECTRAY Pyrometer Controllers are avail- 
able in 2- and 3-Position Indicating Controllers; 2- 
and 3-Position Recorder-Controllers; Non-hunting, 
Non-drifting Recorder-Controllers; Multiple Point 
Recorders; Indicators; Resistance Thermometers, 
Switches; Thermocouples and Accessories. 

Send for the new 1937 TAG Pyrometer 


Catalog No. 1101-76. It illustrates and 
describes these instruments completely. 


Cc. J. TAGLIABLE MFG. CO. 
Park & Nostrand Avenues 
Brooklyn, New York 


TAGLIABUE MEG. €O. 


Park & Nestrand Ave’s.. Brookivn, 
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ULTRA-CUT 


. . that's what veteran opera- 
tors of automatic screw ma- 
chines say about this fast-cutting 
steel. They have tried them all 

.. and they can tell the differ- 
ence the minute they start feed- 
ing Ultra-Cut. 


They get more pieces per hour 
simply by advancing the spindle 
speed .. . and no sacrifice of 
quality either, for the surfaces 
are smooth, corners sharp, and 
the threads perfect. 


Fewer tool grinds . . . less down 
time . . . chips well broken up, 
falling from the machine freely. 
Rejections are kept to a mini- 
mum. No trouble from later 
operations either, as Ultra-Cut 
will give equal results under sur- 
face hardening treatments, as 
obtained with other grades of 
Bessemer screw steel. 


Ultra-Cut satisfies many re- 
quirements for screw ma- 
chine parts . . . but for 
special conditions, other 
B & L Screw Steels are avail- 
able . . . Cold Finished 
Open Hearth and Special 
Screw Stocks. Ask our 
representative for details. 


BLISS & 


Book Reviews 


Rosenhain’s Physical Metallurgy 


An Introduction to the Study of Physical Metal. 
lurgy, by Wavrern Third Edi- 
tion, revised and partly rewritten by John 
l.. Haughton. 368 pages, 159 fig. 
ures and plates. D. Van Nostrand Co., 250 
Fourth Price 38.00, 


Rarely is a technical book so well written. 
from such a forward-looking viewpoint, and 
based on such sound reasoning as to exhaust 
six printings and then warrant republication 20 
vears later with only minor revisions. That 
such is true of Rosenhain’s Physical Metallurg, 
is almost all the comment that is necessary. 

Shortly before his untimely death in 1934, 
Rosenhain undertook to revise his book, but 
the actual work fell upon Dr. Haughton’s shoul- 
ders. No one short of the original author would 
be so well fitted for the work, for the two of 
them were long associated at the National 
Physical Laboratory, one as Chief and the other 
as Principal Scientific Officer of the Metallur- 
gical Department. In this time Dr. Haughton 
had ample time to become acquainted with th 
thought processes and the views of his chief 
It is therefore not a Haughton book, but stil! 
remains a Rosenhain book. 

The early chapters, having to do with phys- 
ical testing, have needed small additions excep! 
for X-ray spectroscopy which warrants a new 
chapter. Its utility is clearly shown by a stud) 
of the silver-cadmium system, where the method 
determines the amount of the five phases ane 
the crystalline architecture of each. Practical 
all of the typical alloy systems cited in the old 
chapter of that name have been re-examined 1! 
recent vears, and the new edition contains dia 


grams including the latest reliable informat'o! 


(strangely enough, the iron-carbon diagra 
shows no solubility of carbon in ferrite) 
Dr. Haughton, in his preface, turns asic 
expected criticism of the chapter on amorphous 
theory, saving, “While it might perhaps hav 
been more in accord with the ideas un 
majority of metallurgists to have intro 


much more drastic alterations, I felt c: nee 
that such alteration would not have 

approved by Dr. Rosenhain himself, as 
estl 


said tome when we were discussing th« 


LAUGHLIN, INC. 


HARVEY. ILL, Solis Offices all Gities BUFFALO, N.Y. (Continued on Page 664) 
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No Doubts About Soundness of Welds. 
After X-Ray Inspection With New G-E Unit 


The newG-E OX.-1 
shockproof indus 
trial x-ray mounted 
on truck, in use by 
Farrar & Trefts, Inc 

for radiographic in- 
spection of welded 
tank 


When not in use 
the compact OX-1 
is rolled out of the 
way into a small 
room which opens 
into the x-ray dark- 
room 


of a weld in the plant of Farrar & Trefts, Inc., 

progressive Bufalo, New York, firm—not since 
the installation of the economical new General 
Electric OX-1, 200,000-volt industrial x-ray unit. 

Welds in pressure vessels are subjected to the 
searching scrutiny of x-ray examination. If the weld 
s sound, the radiograph shows it; if it isn't, the 
radiograph shows the defect so that it may be cor- 
rected before it can cause trouble. 

Powerful, compact, and flexible, the OX-1 is the 
ulfillment of the need for efficient, inexpensive x- 
ray equipment for radiographic inspection of welds 
and castings of intermediate thickness. It may be 
nounted on a simple sturdy standard for a station- 

nstallation, or on any of a number of types of 

«s for mobile use. And in any case, it has the 

ivantages of complete oil-immersion of high volt- 
parts. 


Tas is never a question about the soundness 


‘rite today for your copy of an interesting book- 
‘ describing this new unit. Ask for Bulletin 7A-181. 


GENERALQQELECTRIC  ™ 
X-RAY CORPORATION 


2 JACKSON BLVD. CHICAGO, ILL., U. S. A. 


at 
wat 


June, 1937; Page 663 


| 
| 
| 


A NEW ELECTRIC 
AIR TEMPERING 
FURNACE 


Model AO.-1 
Chamber 12” wide, 24" deep, 16” high. 


An ideal unit for tempering individual pieces 
or production quantities of small parts up 
to 1200° F. 


Suitable for use with rack or shelves to hold 


work. 


Has positive air circulation and temperature 
uniformity. 


ls unsurpassed for annealing and normalizing 
all aluminum alloys. 


ls fast, economical, and low in price. 


Ask for Bulletin 47 


American Electric Furnace Co. 
30 Von Hillern Street Boston, Mass. 
All Types Industrial Furnaces 


Book Reviews 


of the place the amorphous theory should 
occupy in the book, that he believed there was 
more evidence in its favor now than ever 
before.” In the reviewer's opinion this is well, 
for he knows no other place where this classical] 
theory is so well and completely stated. 

Other theories of hardening are not dis- 
cussed; in fact, the old edition had a couple of 
pages on the nature of quenched and tempered 
steel which are now eliminated, with the sug- 
gestion that the interested reader should refer 
to the able summation by Professor Portevin in 
the 1933 May Lecture to the Institute of Metals 
This is the only serious defect found in the new 
edition. In the old book, Rosenhain introduces 
this subject by saving, “The question, “What is 
martensite and to what is its great hardness 
really due?” cannot as vet be answered quite 
conclusively,” and after outlining various theo- 
ries, gets close to the kernel of the proposition 
with this sentence: “By rapid cooling, however 
the growth of these alpha crystals is stopped at a 
very early stage and the quenched steel is 
arrested in a condition in which it consists of 
numberless minute alpha crystals surrounded 
by lavers of hard and strong amorphous metal! 
and possibly embedded in some unchanged 
gamma iron.” A hit, a palpable hit! 

When vou remember that Rosenhain wrot 
those words more than 20 years ago, the grea! 
ness of the man and the importance of the book 
may be judged. E. E. 


Construction of Large Openh -arths 


The Openhearth Furnace, by ©, Bees 
Jr. Volume I, 276 pages, 6x9 in., 68 illus 
trations. Published by Penton Publishing 
Co., Cleveland. Price 34.15. 


Reviewed by NorMan I. Srorz 
Universal-Cyclops Steel Corp. 


For simplicity this book discusses thc su! 


ject from the viewpoint of the 150-ton ope! 
hearth, and the data presented are compileé 
from an analysis of 16 modern Ameri: fur 
naces of stationary type. 

The introduction is unusually wel) co! 
piled from a historic standpoint. In the cheap 
ter on the economics of the openhearth nact 

that 


the cost factors are presented in a © 
(Continued on Page 668) 
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"Works of a matier, whether au or can 
7 / 
captivate G gallery Cw mentis af 


WG how. Arc- Welding Electrades by MAURATH 


As» / , 
Ge Rembrandt their 


MAURATH, INC., CLEVELAND 


: DER OF BETTER WELDING ELECTRODES IN ALL ANALYSES 
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REICHERT 


UNIVERSAL 
MICROSCOPE “Z” 


A new research stand for 
examination with trans- 
mitted and reflected light 


Stage and substage remova- 
ble for examination of un- 
usually large objects or replacement by other stages. 
Revolving nosepiece may be replaced with universal 
opaque illuminator for bright and dark field exami- 
nations. Large variety of photo objectives for micro 
and macro-photography. Stand may be had with 
inclined monocular and binocular body tubes, vertical 
monocular tube for photomicrography, petrographic 
tube for work with polarized light, or Greenough bi- 
nocular tube for stereoscopic vision. An upright ex- 
tension for bellows camera may also be attached. 
Threaded lugs are provided for securing a small op- 
tical bench, upon which illuminating apparatus, filters, 
etc., may be placed. Coarse and fine adjustments are 
arranged low, so that the operator’s hands remain 
on table. 
Particulars on request. 


Pfaltz & Bauer. Inc. 


EMPIRE STATE BUILDING, NEW YORK 


the Start 
for — 


Control 


—right from 


OMPLETE control of all process- 


BASIC C ing from selection of the 


ELECTRIC melting charge to the finished 
STEEL condition is the N. F. & O. guar- 


antee of quality in forgings fur- 
FORGINGS nished to your specifications — 
Smooth Forged, Hollow Bored, 
Rough or Finished Machined. 


NATIONAL FORGE & ORDNANCE CO. 
IRVINE, WARREN COUNTY, PENNA., U.S. A. 
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makes them very convincing and valuable pos 
only to furnace operators but also to laymen 

The chapters on refractories and the ther. 
mal effects in refractories are timely and should 
be a valuable contribution to the general field 
of heat flow, regardless of the purpose of thy 
furnace. This reviewer has never seen a bette; 
evaluation and description of the various types 
of insulating materials. 

The main body of the treatise discusses 
furnace bottoms, back walls, front walls, roofs. 
mechanics of the roof, skew systems and bhuck- 
The completeness and 
clearness of the tables 
is worthy of special commendation. Various 
fundamental equations of construction princi- 
ples are dealt with rather simply. 

All in all it is a practical, sensible book 


detail. 
illustrations 


stays in great 
and the 


from a practical viewpoint that should fill 
valuable place in openhearth literature. 
One of the text from th 
standpoint of structure is the tendency to divid 
the subject matter by sub-headings for empha 
sis, somewhat like the titles used in newspape! 
These subdivisions often are not to 


minor criticism 


columns, 
well placed, since they at times interrupt th 
sequence of the text and tend to defeat the pu 
pose of emphasis by their abruptness. th 
text is worthy of more dignity than these sub 


divisions tend to create. 
Are Welding. Good and Bad 


Procedure Handbook of Are Welding Desig! 
and Practice. Fourth Edition. 819 pages. 

in. 990 illustrations. Published by 

Lincoun Evecrric Co., Cleveland. Price 

($2.00 abroad). 

Reviewed by A. HurntGEeN 
Henry Vogt Machine Co. 

This book is full of information on the ruc 
ments of welding, and its continued sale, edit! 
after edition, is proof that there are a large num 
ber of men who are needing just that typ 
education. As only one case in point, th 
anism of how shrinkage stresses manifest |! 
selves in or near the weld zone is brought ou! 
by means of illustrations and experiments whic! 
will enable even a layman to visualize jus! W!*' 
takes place in the rearrangement of 

(Continued on Page 670) 
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AVITE 


THE 


IDEAL HEATING MEDIUM 


Hopper feed—automatic discharge 


This continuous Gas Carburizing Equipment 
s excellently suited for applying a thin. uni- 
form case on a wide variety of small parts 
such as screws, pins, chain links, etc., etc 


The mechanical feed, continuous passage of 
work through the retort and automatic dis- 
charge into an Automatic Quenching Tank 
insure uniform results. 


Write for reprint describing the results 


KEeRS being obtained by one user of this WR 
See a WA equipment which is now supplied in HE 
¢ various sizes. 


Ns y 


rican 


Gas Furnace Co. 


Annealing Furnace 


Only Lavite baths are really neutral 
and stay that way 


ITE FOR COMPLETE LAVITE 
AT TREATING METHODS 


THE BELLIS HEAT TREATING COMPANY 


BRANFORD. CONNECTICUT 


Elizabeth, New Jersey 


40 


INCH POUND 
OLSEN STIFFNESS TESTER 


TOUR-MARSHALL DESIGN 
MOTOR DRIVEN 


The Olsen Stiffness Tester was designed 
for making rapid production control and acceptance 
tests of a great variety of materials in the form of sheet, 


strip, rod and wire. 


Some of the materials which may be tested are metal 
and plastic sheet, wire, clips, strips, rods, needles, light 
tubing, files, springs, saw stock, pen points, cutlery, thin 
abrasive wheels, hard rubber diaphragms, fibre sheet 
androds, mica laminations, cardboard, linoleum, crayon, 


wall board, pencil leads, stiff fabrics. 


Small finished 
articles with suitable adapters to clamp 
them in the machine can be tested for 


strength and elasticity. 


TINIUS OLSEN 


Testing Machines 


500 No. 12th St. Phila, Pa. 
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CLEANING 
EQUIPMENT 


Every Metal 
Shop should have a 


PANGBORN 
BLAST CLEANING 
CABINET 


@ You can quickly 
and economically 
clean scale and 
dirt from all small 
heat treated and 
other metal parts 


with this manually 
operated Pangborn Blast Cabinet. 


A type and model, including the Airless 
ROTOBLAST, for larger production 


requirements. 


Write for handy “Condensed Catalog” 


PANGBORN 


PANGBORN. CORPORATION. eee HAGERSTOWN, MAK MARYLAND 


CALITE ALLOYS 


POTS 
CARB. BOXES 
FURNACE PARTS 


@ High Creep Strength 


@ Permanent Ductility 
@ Full Engineering Data 


@ Superior Foundry 
Technique 


Send for 
“Design and Selection of Alloys 


for Heat Treating Furnaces’ 
and **Calite Pots, Boxes & Retorts”™ 


THE CALORIZING Co. 


Largest Manufacturer High Temperature Metals 
Note: This statement includes Calorizing Steel--as well as Cr-Ni Alloys 


420 Hill Ave. = Wilkinsburg Sta. = Pittsburgh, Pa. 
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(Continued from Page 668) 
loadings while the metal is becoming solid ay¢ 
cooling. These shrinkage stresses are related 
to the distortion arising from the welding opera- 
tion, and are of great concern to the success of 
the job. Skip welding, step-back welding, peep- 
ing, heat treatment are all described as methods 
offering a cure for undesirable distortion i) 
certain types of work. 

General comments as to welder’s qualifica- 
tion tests and suggested methods of checking his 
ability are also included. The principal impor- 
tant points to observe in inspecting while the 
work is under way are outlined, such as (a 
burn-off electrode, (b) the fusion, penetra- 
tion and crater, (c) the formation of the bead, 
and (d) the sound of the are. 


welding includes the non-destructive methods 


Inspection afte: 
such as X-ray, electromagnetic, and stetho 
scopic. Photographs are shown of the visual 
appearance of welded beads that have bee 
made with both improper as well as prop 
welding technique. 

A very complete and thorough section dis 
cusses the economics of welding and gives man) 
tables and charts showing the amount of wir 
required under various conditions per unit 
length of joint. General information for th 
welder and supervisor is included regarding 1! 
effects of polarity, elimination of are blow as 
well as craters, both of which are very ob} 
tionable. 

These are only a few of the multitude 
items contained in the book, evidently gathered 
from a wide experience in miscellaneous weld 
ing problems met in job shops, repair depar' 
ments, and production of minor items. Wl 
the book gets bevond this field and enters 


metallurgy of the operation, the result ts no! 


happy. Probably this is not such a detec! 
the reviewer may believe it to be, but hie ts fee 
ful that some of the text (for example) rela! 
to corrosion resistant metal may cause sol! 
expensive disappointment. It may be that thos 
in charge of large and extensive work 
arate the wheat from the chaff, but it ts 
that careful editing in future editions \ 
Thus, the test! 


shown in the chapter on properties of 


nate the most of the errors. 


not in agreement with good practice a! 
be replaced with proper information 
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CAPACITROL’S 


PERFORMANCE / 
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| 

| 

| 

Mechanical Control 
Performance 


| 


‘he above chart records an 
actual comparative test between 

Pacitrol and mechanical in- 
‘r'ument performance, heretofore 
‘ccepted as Supreme. 


CAPACITROL’S 
‘““No-Contact- Radio 


Principle’ offers unpar- 
alleled performance 


Performance of 80°. closer temperature control, 
than commonly expected from high priced 
mechanical controllers, is made possible by 
complete elimination of all cams, motors, 
mechanical parts and sticky contacts. 


All electric operation and rugged simplicity of 
construction definitely prevent all lag time 
between deviation of furnace temperature and 
instrument readjustment and therefore positive 
Hairline control. 


Initial cost in the lowest instrument price range 
and continued maintenance-free operation are 
directly traceable to the absence of troublesome 
parts and the use of the famous Wheelco “No- 
Contact—Radio Principle” found in no other 
make of instrument. 


WHEELCO INSTRUMENTS CO. 


1929 S.HALSTED STREET CHICAGO. 


June, 


1937; 
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HELPFUL LITERATURE 


Induction Furnaces 


A publication of Ajax Electro 
thermic Corp. tells of the develop- 
ment, operating principles, appli- 
cations, and advantages of com- 
mercial Ajax-Northrup coreless in. 
duction furnaces energized by motor 
generator sets. Also information re- 
garding standard sizes of motor 
generator sets and furnaces. Bul- 
letin Jr-4l. 


Coated Electrodes 


General information on welding 
with coated electrodes is supple- 
mented by complete descriptive data 
on all brands of electrodes manu- 
factured by Metal & Thermit Corp. 
in a revised edition of their catalog. 
Bulletin Jy-64. 


Alloy Steels 


Why alloy steels are best for 
heavy equipment and other exact- 
ing applications is discussed in a 
folder by Bliss & Laughlin, Inc. A 
partial list of the more common 
grades gives machine ratings and 
turning speeds. Bulletin Jy-42. 


Drawing Furnace 


A new convected air gas fired 
furnace for drawing and tempering 
dense loads has been announced by 
Despatch Oven Co. Complete details 
concerning its design and opera- 
tion, the results obtainable, and 
prices are given in Bulletin Dy-123. 


Locomotive Steels 


A comprehensive review covers 
specific applications, based on cur 
rent practice, of various types of 
vanadium steels for locomotive and 
car construction. It contains 72 
pages and is available to railway 
executives and engineers. Published 
by Vanadium Corp. of America. 
Bulletin Dy.27. 


Firebrick 


Babcock & Wilcox make an in- 
sulating firebrick which is refrac. 
tory as well as insulating and can 
be used without a facing of fire- 
brick. Description. applications, and 
engineering data are contained in 
Bulletin Fy-75. 


Temperature Control 


Costly overheating of furnace 
roofs can be prevented by the tem 
perature-limit control described by 
Leeds & Northrup. Large dial, easy 
installation, and ruggedness are the 
features emphasized. Bulletin Dc-46. 


Heading and Upsetting 


A multitude of unusual parts, 
beautifully photographed and dis 
played in a folder by Lamson & 
Sessions Co., can now be produced 
by heading or upsetting to close 
tolerances and with an _ entirely 
satisfactory finish. The advantages 
of boltmaking methods are ex 
plained. Bulletin Da-164. 


Alcoa Notes 


“Alcoa Random Notes” is the in 
triguing title of a little monthly 
paper got out by Aluminum Co. of 
America. A request for this bul- 
letin will bring you a copy of the 
latest issue. Bulletin Ca-54. 


Graphitic Corrosion 


The peculiar form of disintegration 
occuring in cast iron which is known 
as graphitic corrosion is explained 
in a reprint of a technical article 
by Wesley. Copson and LaQue of 


International Nickel Co. Bulletin 

Ea-45. 

Stainless Steel Facts 
Carpenter Steel Co. offers (to 

manufacturers in U.S.A. only) a 


booklet, designed in handy file folder 
form, presenting a wealth of data 
on Carpenter stainless steels. A 
good reference source of material. 
Bulletin De-12. 


Gold and Silver Plate 


Important information about ef- 
ficient and economical methods of 
gold and silver plating with pre- 
cious metal cyanides is contained 
in a comprehensive booklet by E. 
I. du Pont de Nemours & Co. Spe- 
cific data on equipment and opera- 
tion are given. Bulletin My-29. 


Model “Y” 


The Sentry Model “Y” electric 
furnace, using the Sentry Diamond 
Block method of heat treatment pro- 
vides exceptional quality high speed 
steel hardening at minimum pro- 
duction cost. The furnace is de- 
scribed in Bulletin Oy-114. 


Quenching Handbook 


E. F. Houghton & Co. have pub- 
lished an excellent 80-page hand- 
book on the subject of quenching. 
More than 30 charts and photomi- 
crographs help tell the story. Bul- 
letin J1-38. 


Metals for Corrosion 


Fourteen varieties of Midvaloy 
corrosion and heat resisting metals 
are described in a detailed bulletin 
by The Midvale Co. Properties and 
cpplications are listed and _illus- 
trated. Bulletin Ca-160. 


Mesh Products 


Wire mesh is a class of materia! 
cbout which little is heard. A folder 
by C. O. Jellifi. therefore. telling the 
special alloys and metals used. 
styles of weaves and applications, is 
of unique interest. Bulletin Da-78. 


Corrugated Ingots 


The Gathmann Engineering Co. 
has published a new booklet called 


“Gathmann Ingot Molds Their Pur- 
pose and Design.” It illustrates 
various corrugated ingot contours 


designed to produce defect-free sur- 
face in steel ingots. Bulletin Ay-13. 


Electric Salt Baths 


Literature is available from Bellis 
Heat Treating Co. describing elec- 
trically heated bath furnaces which 
are economical to operate and have 
a wide range of applications in 
hardening. annealing, and heat 
treatment of high speed steel, stain- 
less steel, nickel, aluminum, copper 
and bronze, etc. Bulletin Ny-48. 


Testing with Monotron 


Shore Instrument & Mfg. Co. offers 
a new bulletin on Monotron hard- 
ness testing machines which func- 
tion quickly and accurately under 
all conditions of practice. Bulle- 
tin Je-33. 


Moly Matrix 


Climax Molybdenum Co.'s little 
monthly newspaper contains many 
interesting and informative articles. 
Get the latest issue—Bulletin Ax-4. 


X-Ray Examination 


The application of X-ray examina- 
tion and inspection of castings, weld. 
ing, and food products, as well as 
practical X-ray crystal analysis, is 
completely described and strikingly 
illustrated in General Electric X-Ray 
Corp.'s new 34-page publication. 
Bulletin Dy-6. 


Magnet Steels 


A very handsome booklet de- 
scribes the permanent magnet steels 
and castings made by Simonds Saw 
& Steel Co., including Alnico and 
Alnic. Bulletin Ba-158. 


Copper Welding Rods 


American Brass Co. describes in 
complete detail the welding proper. 
ties and individual characteristics 
of 14 different copper alloy weld- 
ing rods. The 16-page booklet also 
makes specific recommendations of 
welding procedure. Bulletin Je-89. 


Hardening Furnaces 


P. D. M. high speed hardening 
furnaces are described in two bul- 
letins by The Philadelphia Drying 
Machine Co. one devoted to oil- 
fired and one to gas-fired furnaces. 
both made in single and twin cham- 
ber models. Details of construction, 
design features and tables of sizes 
cnd capacities are included. Bulle 
tin Oy-150. 


Globar Elements 


Glebar electrical heating units and 
a variety of accessories for their 
operation have been catalogued by 
Globar Division of Carborundum Co. 
Bulletin Oy-25. 


Hy-Speed Case 


interesting new 
has 


A striking and 
booklet on Hy-Speed Case 


just been published by the A. F. 
Holden Co. Typical appiications 
and results are cited. Bulletin Fa- 
55. 


Flame-otrol 


The “Flame-otrol,” satiety dey, 
developed on the Wheelco : 
principle is described i 
by Wheelco Instruments 
includes diagrams and price 
Bulletin Fa-110. 


Malleableizing 


A folder by Surface Combus: 
Cerp. on the use of the rodic 
tube heating element for mallects 
izing cast iron, contains a repris 
an Iron Age article by Car 
Joseph. Diagrammatic view 
description of the element ar - 
cluded. Bulletin Fa-5!. 


Abrasive Cleaning 


Comprehensive information 
airless abrasive meta! cleaninc 
contained in a new book 
the “Wheelabrator” Tum-Bias: 
patented mechanical device mo 
by the American Foundry Equipme: 
Co. Bulletin Fa-112. 


Electric Tempering 


The American Electric Furs 
Co., model AO-1 is an idea 
for tempering individua! pieces 
production quantities of smal! pc 
up to 1200 F. Described in 3: 
fin Fa-2. 


Welding Instruction 


A complete training schoo 
arc welding is maintained by 
Lincoln Electric Co. in Clevelan¢ 
A complete description of the cous 
including duration, registration = 
fees is given in an illustrated 50 
let. Bulletin Fa-10. 


Hot Work Steel 


A new “Blue Sheet” by Lucu 
Steel Co. gives physica! proper 
comprehensive test data anc recor 
mendations for heat treating A‘: 


A hot work steel, a tough 
resistant tungsten steel Sule 
Fa-94. 
Radiation Tube 

The Pyrometer Instrumen 


has a super-sensitive radiation ™ 
for high temperature readings ¥"* 
thermocouples are unreliaDie 

expensive. This rapid revor 


described in Bulletin Fa-3’ 


Insulag 

A new developmen 
refractory lagging ‘or 
up to 2200 F. is describec 
letin by the Quigle ? 
uses and instruct 
cre included. Bull 


Spectrometry 


A chapter on 
design of spectro! 
graphs expiaining 
operation in full 
catalog of spectre 
by Bausch & | 
Bulletin Fa-35. 
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Some of the Best Chinking 


in the metal industries is at your disposal 
in the literature described here. One book- 
let may hold the key to your current prob- 
lem. Help yourself to this helpful litera- 


ture. 


It's free. You incur no obligation 


when you return the coupon. 


hermometers 

: complete catalog and price list 
» excellent illustrations covers all 
ner of thermometers and hy- 


notees made by C. J. Tagliabue 
Bulletin Fa-62. 


Co 


opper Bulletin 


t new clearing house for news cf 
elopments in brass, bronze, and 
oper. the “Copper Alloy Bulletin.” 
sued by the Bridgeport Brass Co., 
sde its appearance with the March 
It is edited for the technical 

i engineering audience. Bulletin 


srinding Carbide 

, handbook has been prepared 

Co. to assist toolroom 
rators in selecting the proper 
jing wheels for use on cemented 
des, which require entirely 
erent tools and technique from 
speed steel and stellite. Bulle- 

Fo-88 


Norton 


Siainless Uses 


xcellent illustrations and inter- 
ng text tell of the wide variety 
pplications of chromium stain- 
ss steels in practically every indus. 

field. Electro Metallurgical Co. 
ulletin Fa-16. 


olling Temperatures 


aricularly applicable to rolling 
femperature measurement is 
ol Company's “Electronic Insta- 
ph by means of which tempera 
s can be measured while the 
in motion. Bulletin Fa-87. 


ee. is 


bolts and Nuts 


The calorizing process of driving 
minum into the surface of steel 
2 the physical properties of bolts 
mc nuts made from calite alloys 
* described in a folder by the 
clorizing Co. Bulletin Fa-26. 


oolmakers’ Microscope 


“y recently have optical meth- 
measuring and testing been 
‘toduced in the workshop. These 
eihods —- particularly adapted to 
edsuring small and intricate parts 
and the equipment used are tully 
scribed in a booklet by E. Leitz, 
Bulletin Da-47. 


msulation Service 


to industrial waste” is 
johns-Manville calls insulating 
‘nails. A small 64-page booklet 

ee ‘their complete line, which 
product for every tem- 

ure. Bu n Da-100. 

Surbo-Compressors 
tebe 
- Sizes and types 

as. Special types 
ses such as gas- 

described in Bul- 


Berryllium Copper 


A reference work of new and up- 
to-date information on the unusual 
characteristics of beryllium copper 
contains helpful data on produc- 
tion, fabrication and heat treatment. 
Riverside Metal Co. Bulletin Fa- 
156. 


Diamond Wheels 


A striking presentation is made 
by the Carborundum Co. in a 52- 
page booklet on diamond wheels. 
Detailed technical information is 
contained and a price list attached. 
Bulletin Ca-57. 


Hydraulic Tester 


Of interest to all engineers recom- 
mending or purchasing universal 
testing machines is a book by Riehle 
Division of American Machine and 
Metals, Inc., on the development of 
the precision hydraulic testing ma- 
chine. Bulletin Ba-157. 


New Joining Process 


Metal parts are joined cheaply. 
neatly and strongly by Electric Fur- 
nace Co.'s new. inexpensive non- 
oxidizing furnace atmosphere and 
their new, continuous brazing, cop- 
pering and soldering furnaces. Full 
details are given in Bulletin Ar-30. 


Spectrum Analysis 


The elements of both qualitative 
and quantitative spectrum analysis 
are contained in a handy booklet 
by Carl Zeiss, Inc. A price list 
covering all equipment is included. 
Bulletin Da-28. 


Meehanite 


A compact but complete specifica- 
tion chart gives the recommended 
grades of Meehanite metal for vari- 
ous service requirements. Complete 
physical properties and applications 
are included. Bulletin Da-165. 


Alloy Castings 


Michiana Products Corp. has pub- 
lished a new book describing Michi- 
ana corrosion resistant and stainless 
steel alloys. Generously illustrated, 
it suggests many savings for the 
use of these alloys. Bulletin Oy-81. 


Laboratory Service 


A new edition of “The Metal 
Analyst” tells about an organiza- 
tion established by Adolph I. Buehler 
specializing in the installation of 
metallurgical laboratories. The com- 
plete line of laboratory equipment 
marketed by Buehler is also cata- 
logued. Bulletin Dy-135. 


Heat Resisting Alloys 


Authoritative information on alloy 
castings. especially the chromium. 
nickel and straight chromium al- 
loys manufactured by General Al- 
loys Co. to resist corrosion and high 
temperatures. is contained in Bul- 
letin D.17. 


Stress-Strain Recorder 


The many applications of the Bald- 
win-Southwark stress-strain recorder, 
its unique advantages, and the 
many ways it can give unusual 
service will be extremely interesting 
to all who have to do with testing 
methods and equipment. Bulletin 
Ba-67. 


Nickel-Copper Steels 


Exceptional resistance to corrosion 
and abrasion, increased tensile 
strength, and higher ductility are 
the qualities claimed for Youngs- 
town Sheet & Tube Co.'s new series 
of Yoloy steels. A summary of 
properties and notes on their char. 
acteristics are contained in Bulletin 
Ox-33 


Centrifugal Castings 


Centrifugal casting of stainless. 
heat and corrosion resisting alloys 
eliminates impurities and cooling 
strains and permits thinner and 


more uniform walls than any other 
method. This is explained in a 
bulletin by Michigan Steel Casting 
Co. Bulletin Nx-84. 


Photo-Electric Cells 


If you are not familiar with the 
wide field of applications for photo- 
electric cells and apparatus, send 
for this very interesting and com- 
plete booklet by Pialtz & Bauer, 
Inc. covering the original appa. 
ratus developed by Dr. Bruno Lange. 
Bulletin Ca-142. 


Testing Machines 


An extremely handsome. spiral. 
bound, segregated catalog tells all 
about the various hydraulic and 
screw power testing machines made 
by Tinius Olsen Testing Machine 
Co. Bulletin Oy-147. 


Stainless Data Book 


All users of stainless and heat 
resisting alloys should find invalu- 
able the information contained in a 
booklet published by Maurath, Inc. 
giving complete analyses of the 


Liquitol 

The use of Liquito!l for controlled 
cooling of iron and steel castings 
and ingots is fully described in a 
bulletin by Alpha-Lux Co., Inc. Bul 
letin Ma-120. 


Port Valves 


Diagrams and descriptive matter 
show the operation of adjustable 
port valves made by North Ameri 
can Mig. Co. that are particularly 
suitable for mediums whose rate of 
flow is not constant Bulletin Oy.138. 


Newer Tool Steels 


Vulcan Crucible Steel Co. has a 
complete and attractive catalog list 
ing their full line of tool steels in 
cluding many special types to meet 
the modern trends in industry. Bul 
letin Jy-127. 


Resistance Wire 


A complete catalog of the various 
types of electric resistance wires 
made by Hoskins Mig. Co. has been 
issued. Complete numerical data are 
included on all types, along with 
some fundamental facts about heat 
ing units. A handy. small size 48 
page booklet. Bulletin Jy-24. 


Cleaning Rooms 


A catalog of designs for blast 
cleaning rooms incorporating many 


labor and time saving improve 
ments making the blast room an 
unequalled mechanical device for 


low cost cleaning is published by 
Pangborn Corporation. Bulletin Ca 
68. 


Ni-Cr Castings 


Compositions, properties, and uses 
of the high nickel-chromium castings 
made by The Electro Alloys Co. for 
heat, corrosion and abrasion re 
sistance are concisely stated in a 
handy illustrated booklet. Bulletin 
Fx-32. 


Dust Collector 


How the Schneible multi-wash 
dust and fume collector operates 
and what it does are clearly shown 


alloys produced by the different in a catalog giving details on ex 
manufacturers, along with the proper isting installations. Published by 
electrodes for welding each of them. Claude B. Schneible Co. Bulletin 
Bulletin Jy-125. Ca-161. 
Metal Progress, 
7016 Euclid Avenue, Cleveland, O. 
Send me the literature circled below. 
Numbers are listed in the same order as the litera 
ture described—circle the numbers that interest you 


It is important to write in your company or business 
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Farquhar Co. Ltd., York, Pa 


@ The rigidity of “Shield-Arc” welded construction is 
demonstrated in the case of this huge, 4000-ton cor- 
rugated plate press. Its purchasers specified that the 
head deflection should not exceed .006-inch. 


It was welded with “Fleetweld”...the Lincoln electrode 
for mild steel applications. The base, weighing 7 tons, 
is built from structural columns with heavy partition 
plates welded between them for the desired rigidity and 
strength. When completed and tested it was found that 
the head deflection was less than the required .006-inch. 
Rigidity is but one of the advantages you give machines 
and parts when you build them of “Shield-Arc” welded 
steel. Strength, light weight and endurance are also 
achieved. Welds produced with “Fleetweld” electredes 
have tensile strength of 65,000 to 80,000 Ibs. per sq. in. 
and ductility of 20% to 35% elongation in two inches. 
Ask for the Supplies Bulletin giving complete details 
about “Fleetweld” in its four distinct types and about the 
other Lincoln electrodes for every essential welding need. 


THE LINCOLN ELECTRIC COMPANY 
Dept. MM-391 ¢« Cleveland, Ohio 
Largest Manufacturers of Arc Welding Equipment in the World 


LINCOLN 


Llectrodes 


FOR QUALITY WELDING 


Helpful Literature 


(Continued from page 673) 


Tool Room Furnace 


A new type of lining and one- 
valve control are two of the features 
of the American Gas Furnace Co.'s 
new tool room oven furnace that 
would make it economical to re- 
place many older furnaces now in 
operation. Fully described in Bul- 
letin Ox-11. 


Cutting Oils 

The problems of machine tool 
lubrication engendered by the high 
speed production and close toler- 
ances of modern industrial opera- 
tions are discussed and progress in 
cutting oils during the past few 
years reviewed in a booklet by D. 
A. Stuart & Co. Bulletin Jy-118. 


Rustproofing 


How the Detrex method of solvent 
degreasing provides the advantages 
of speed, economy. and satisfactory 
cleaning before all kinds of rust- 
proofing and finishing operations is 
pointed out in a leaflet by Detroit 
Rex Products Co. Bulletin Dy-111. 


Metal Heating 


Improvements in furnace econo- 
mies, operating conditions and ap- 
pearance, furnaces that will more 
satisfactorily meet old requirements 
or handle new processes, service 
that will help solve the most stub- 
born problems are offered and de- 
scribed by Mahr Mig. Co. in Bul- 
letin Ea-5. 


Air Weight Control 


An illustrated booklet of sure-fire 
interest to the foundry trade has 
been issued by The Foxboro Co., 
explaining in detail the advantages 
of the “air weight controller” which 
is in use at many of America’s 
leading foundries, named in the pub- 
lication. Bulletin Ea-21. 


Furnace Control 


How the Lindberg Control func- 
tions in balancing the rate of heat- 
ing of a furnace or oven with the 
varying heat requirements is told in 
an attractive new bulletin issued 


by Lindberg Engineering Co. Bul- 
letin Nv-66. 
Alloy No. 10 

A high temperature muffle fur- 
nace, the first of the Hevi Duty 


line of laboratory furnaces equipped 
with Alloy No. 10 allowing work- 
ing temperatures to 2400 F., is 
described in Bulletin Jb-44. 


Oxidation 

Designers confronted with oxida- 
tion problems connected with crack- 
ing coils, polymerization plants, su- 
perheaters, high pressure steam 
plants, air heating equipment and 
recuperators will welcome a folder 
by Timken Roller Bearing Co. con- 
taining data on oxidation at 1000, 
1250 and 1500° F. Bulletin Ea-71. 
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Tocco Process 


This amazing new and extreme); 
accurate method of heat treating 
described in a new four-page leq 
let. yours for the asking. Distribute 
by Ohio Crankshaft Co. Bulletin oy 
145. 


Flux 


A short. informative bulletin coy 
ering the low melting temperatur 
rapid solvent action and wide ter 
perature range of Handy Flux 
which speeds up and improves 
brazing operations. Handy & Ha; 
man. Bulletin Oy-126. 


Calculator 


A handy gadget is ca Sliding 
weight calculator which can com 
pute weights per lineal inch of stee 
for 161,200 cross-sections. Pocket-size 
it contains tables for rounds, hexc 
gons, octagons, squares and flats 
Distributed by Heppenstall Co. Bul 
letin Ea-122. 


Sheet Metal 


One of the most modern of the 
current pieces of industrial liter 
ture dealing with sheet metal is 
Republic Steel Corp.'s “The Path t 
Sheet Metal Permanence.” a 20-page 
booklet of useful information con 
taining more than 60 interesting 
photographs. Bulletin Ea-8. 


Rockwell Tester 


A revised and completely up-c 
date catalog on the well-know: 
Rockwell hardness tester is we- 
illustrated and containes 24 pages 
Published by Wilson Mechanicc 
Instrument Co., Inc. Bulletin Co-22 


Rails 


“Brunorizing” is a new method © 
producing an improved steel! rail 
today’s heavier and fasier trains 
A nicely printed and well illustrates 
24-page booklet by United Sicies 
Steel Corp. explains the process 
thoroughly. Bulletin Ea-79. 


Sheet Containers 


The mechanical and thermo 
quirements peculiar to shee! © 
burizing boxes are explained is © 
illustrated folder by Driver Hom 
Co. describing this particular ‘YP 
of equipment in detail. Bulletin *° 


re 


19. 
Safety in Oxwelding 
A revised edition o! Precautiess 
and Safe Practices” in the came 
handling of oxy-acetylene 
ment has been prepared by i 
Linde Air Products Co. This boone 
is regarded as a standard — 
n 


on this phase of safe 
and this latest edition 
new suggestions req 
vances in the oxy-ace 
Bulletin Mx-63. 
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FOXBORO INSTRUMENTS 


% 


THE FOXBORO COMPANY 
Guarantees to repair or replace this instrument tree of charge within 
one year from date of shipment if it does not prove to be within the 
specified limits of calibration and free from defects in workmansh@ 
and material — the guaranteed accuracy of this instrument can be 
assured oniy through its maintenance and repaw by THE FOXBORO 
COMPANY and through the use of FOXBORO parts and accessories 


YOUR GUARANTEE 
OF ACCURATE 
PERFORMANCE 


Now all Foxboro Instruments have this guarantee All Foxboro Indicators, Recorders and Controllers 
of outstanding performance in service . . . and this now carry this individual guarantee. 

guarantee is a permanent part of the name plate. Bear in mind, this additional value in each and 
Foxboro certifies that the design and the quality of every instrument means no increase in price to you. 
workmanship of each instrument are such as to as- Write for Booklet 669-1. It gives the complete story. 
sure reliability, accuracy, and quick response. These The Foxboro Company, 52 Neponset Avenue, 
essential qualities are retained over long periods of Foxboro, Massachusetts, U. S. A. . . . Branch offices 
tme with a minimum of maintenance and attention. in 25 principal cities. 
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F Recognized as standard wherever 

fatigue tests are made, hundreds of 
: R. R. Moore Fatigue Testing Machines 
| are in constant service in testing 


laboratories throughout the world. 


Recent further improvements in 
design and construction of these 
machines have made possible increas- 
ing testing speed to 10,000 R. P. M. 


without decreasing size of specimen. 


BALDWIN-SOUTHWARK CORPORATION 
SOUTHWARK DIVISION, PHILADELPHIA. 


TESTING MACHINES @ STRESS-STRAIN RECORDERS and CONTROLLERS 
EXTENSOMETERS, STRAIN GAGES @ VIBROGRAPHS © TORSIOGRAPHS 


Brass Strip 


(Cont, from p. 634) puckering, according to the 
stresses set up); and (c) the formation of ears. 

Dealing with the first of these manifesta- 
tions, the modern tendency in deep drawing is 
to utilize the full capacity of sheet for deforma- 
tion. If, due to marked directionality, the phys- 
ical properties of sheet fall below a certain 
fairly high standard even in certain directions, 
failure will occur. It is particularly interesting 
to observe that the splits always occur at 
approximately 45° to the direction of rolling. It 
is hard to convince a user that this is due to 
defects in his forming tools or some other shop 
condition, 

Regarding the second manifestation, uneven 
flow in tools, this effect will be most marked 
in large articles; but even in small, complicated 
articles it is common practice to use blanks of 
rather irregular shape in an attempt to accom- 
modate localized flow. The present practice of 
orienting blanks solely with regard to the con- 
servation of metal in the strip form may not 
produce blanks having maxima and minima 
lving in the optimum position for the shaping 
of any given article. 

The third manifestation, that of ears, is 
frequently not in itself detrimental unless the 
height of the ears is considerable and the size 
of the blank barely adequate. The point is thal 
marked ears indicate the presence of (/inung 
in the walls in line with them. They can, there- 
fore, be regarded as a useful warning to the 
practical operator that all may not be well with 
the shells he is producing. It is, of course, 
desirable in mass production to produce a cup 
that will not need to be trimmed on its top edge 

Directional properties in thin sheet ma) 
‘asily be demonstrated by a tear test. For this, 
a sample of the sheet has short flaps !4 in. wide 
cut and turned up square at various paces 
around the edge. One after another they are 
then wound around a slotted key, exactly as on 
opens a can of sardines. The length of the tear 
so made, while doubtless representing the com 
bined effect of more than one property of the 
sheet, will be approximately equal in sheets 
with minimum directional differences. 
markedly various in sheets that have cistine! 
directional properties. 
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RECIPOCRATEES jibe. AG LZ, 
THE BACHELOR FATHER 


ten, 


SWAMPE 


BY FRUSTRATIUS 
RECIPOCRATEES 


oun advertising, as in our 
Alloys, we strive to transcend 
mediocrity, but we were un 
prepared for the howl of ac 
claim that greeted “Recipo 
ecratees.” unvieled in Metal 
Progress, Steel, Iron Age, 
Chem. & Met., and other pub 
lications. Requests were re 
ceived for more than three 
thousand copies, many laud 
ing us for our 
against Reciprocity.” Fact is, 


we're not “Crusacing”™ against 


anything Life is teo short to 
carry torches. But, boy, what 


a Torch! 


Recipocratees is failing with 

returning prosperity, he’s not 

quite his old self. Below left, 

EXCLUSIVE MANUF. comrosion you see him in full depres 

WE SOLICHT YOUR ON BASIS OF UNEQUALED EXPERIENCE sion vigor An interesting 
\ character study Had a lot olf 


stuff on the ball--the 8 ball 


FRUSTRATIUS 


Mex: Frustratius, Recipocratees’ Chum, (Pronounced 
CHUMP,” the P is not silent as in swimming). If frustration 
brought on his reciprocity, or reciprocity rung up his frustra- 
tion, is unknown. Frustratius was the HUMAN RUBBER 
STAMP, sometimes mislabelled “Purchasing Agent,” “Engi- 
neer” or “Salesman.” His Master does not believe that a keen, 
unfettered Purchasing Agent is the Guardian of Quality, Effi- 
ciency, and Economy, that the goal of all Science and Engi- 
ae is TRUTH, that a true salesman is a Disciple of Prog- 
“eSS, 


Ix the upper, depression photo, he dared not lift his feeble 
eyes from the swap-sheet. But, eventually, even he got a belly 
full of Reciprocity, Now that Business is picking up, He can 
look ‘em all straight in the eye and tell Recipocratees to “Go 


to Hell,” and—does he love it! 


— 
| 
yt / AL, 
‘ted in poison ivy site the Perverse Progenitor of a Thousand Evils. 
of Reciprocity was plagiarized from the Chinese, originators of the twin backscratchers, 
‘et toi conclusion we would be taking in each other's washing j 
GROWN TO THE OLDEST AxD 
CASTINGS WITHOUT RECIPROCITY . 
e 
f 


H kRE you see malleable iron that is all malleable, free from surface 
decarburization, commercially scaie free 
machines much easier than the old fashioned kind. The Wagner Mal- 
leable people, at Decatur, Hl, are turning out this top quality product 
in a new SURFACE COMBUSTION CORPORATION radiant tube, con- 
trolled atmosphere furnace. his furnace reduces the malleableizing 
cycle, depending on the silicon content, to from 16 to 32 hours total time 
in furnace, no boxes, far lower cost per ton. No smart malleable man 
will ignore it. If alloy tray and rail maintenance cost means anything, 
won't ignore General Alloys either 


ALL MALLEABLE IRON 


Uniform to the surface, it 


RECIPOCRATEES~etc. 


M ost of our readers in the automotive industry, which led the coun 
try out of the depression with value, quality, service, have never en 
countered “reciprocity.” rhis is a species of racket where a large steel 
user hires an “Alloy Expert,” opens an “Alloy Department” and then 
uses his steel orders to club alloy business out of the steel companies 
Can you imagine the Automobile Companies buying complex alloys or 
tools, on which production depends, on the basis of which alloy or tool 
manufacturer can buy the most automobiles? That's like measuring the 
well by the length of the pump handle 


is no “Campaign” or “Crusade.” We just unveiled 
the old bugger as a gentle reminder to a lot of Buyers, Engineers, and 
Executives in the Steel, Oil, and other industries with swapadiddle 
buyivg policies that, THE DEPRESSION IS OVER, they are now BUSY 
ENOUGH to NEED the higher QUALITY, more DEPENDABLE products 
of General Alloys Company 


 -™ Purchasing Agents, Engineers and Salesmen, even those com- 
pelled to practice ruthless reciprocity, despise the practice. 
your letterhead for a picture of “Recipocratees” suitable for framing.) 


(Write on 


SAVINGS 


is very litth new about 
streamlining, the merits of which 
have been proven for a generation. 
“999,” The Streamline Baker Racer, 
is reproduced from the Sept. 8, 1904, 
issue of the Motor World. It made 
one mile in 60%, seconds at Ormond 
Beach, Florida, with a % H.P. elee- 
tric motor run from 12 cells of bat- 
teries. 


W.,. are happy to announce the 
Connection of John R. Heckman with 


General Alloys, as of May 15th, in the 
capacity of District Sales Manager. 
He will have charge of the Chicago 
Territory, with the exception of the 
activities of Mr. J. J. Donnovan,. John 
Heckman has been Chicago District 
Manager for the Midvale Company 
for the past five years, has an excel- 
lent engineering background. He is 
an experienced Pilot and will use his 
own Fairchild airplane for transpor- 
tation, carry my veteran Skyview 
camera, 


 ROSEWARE 
= STRIKE 


SURE KE 


U worn the “Sure-Strike Inc.” Sign, 
in Milwaukee last week, pickets 
walked. At Vandalia, O., Dayton’s 
Airport, the W.P.A. boys went on 
strike for less work, more pay. The 
first seemed impossible. The field 
restaurateur said a couple of agita- 
tors dropped in, were working up 
the strike for days, local authorities 
were “not interested.” Tar and feath- 
ers have gone with the Hoss'’n buggy 


IF YOU USE ALLOY TRAYSjIN_FUR- 
NACES—WRITE FOR DATA ON OUR | 
LIGHTWEIGHT HINGED TRAYS. 

(See border this page and page7) y 


days. A Relief Client from | 
attended the Coronation. 


T ne swarthy proprietor of 
leased slot-machines yawned 
griped about the opening of th 
mer season, and the pick-up 
ness. “Gees, I been up alla 
plugga da Jack Pots on zem 

so he no break for de s 

Summer the machines are set 
15%, for the city trade, 

“Rubes” won't play ‘em in the 


if they don’t pay 50-50. Our h 
well. 

Advice to alloy “salesmen”; 

away those sharp dice bel 

travel South-West. “Fertilizer 
Soil—Don’t forget Mother, 

sign on the Rose Hill Cemete 


Chicago. Signs brings 
over St. Louis Gas Stat 
McDermott.” | thought 


war influence on @ 
when informed i! was! 
as “Chateau,” thal “Chews 
old name in Missourt 


Nwy Specili ms for ' 
Resistant Alloy [ump * © 
called alloy manufactures 
General Alloys three: 
of free machi Super 


(Contu 


yn Page 
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sKYVIEN SUPPLEMENT NO. 


INDUSTRIES. 


“INCLUDING SOME UPSTATE PLANTS 


snapshots were taken one windy January afternoon, and one indifferent 

the Saginaw and Bay City shots between five and six thity 

4 Skyview Aerial Camera. 

“ed shilieohy. Our claim for your consideration will have to rest on — 
proven records of the longest life heat-resisting allo in Detroit, the 
ond the Lowest-Cost-per-Heat-How. 
B  soke conditions make Detroit difficult to photograph from the air. When x 
"enough to get plants nearly a mile long in focus, haze obscures detail. — 
must be taken on the windward side of town, with a wind — 
genough to remove smoke, so | offer apologies to our many friends whose _ 

Mas are not included in this supplement. We hope to publish them later. _ 
BM ish | could convey to you the kick I get from surveying from the air those _ 


ma? swith whose growth we have been so humbly, yet so certainly identified. 


e 
re Sel 
de, bu 
in the 


~~ Life Alloy installations in Detroit are. 


t Pt-per- Heat-Hour installations in Detrolt are 


ob 
4a a % 


- 


The modern mechanical furnace made accurate volume heat-treating 
possible. 8 out of 10 of the pre-depression mechanical furnaces in Detroit 
were equipt with General Alloys’ Q-Alloy and X-ite mechanical parts, most 
of them are still running, with alloy service records of seven to fifteen years. 

During the Depression price buying was in vogue. Price sellers could 


2 always match price buyers. Furnace cgereadbey meet price competition, 


bought alloy on price, from allo makers whose porbene walle enjoyed little | 
no standing in the Detroit maillil The “Cheap” alloy man 
contribute, mechanically, metallurgically, or in service economies. 
product lacks thet dependability s0 essential to 


HEAT TREATIN ONTAINERS POTS: TRAYS 
Be 


ALLOY FURNACE MEC 


times. The Furnace antees his product for Long 


after his guarantee has expired, and you've probably : 
, the General-Alloys mechanical parts are still functioning, and you 


can get immediate service from General Alloys’ Detroit Office, in charge f°. 

“AI.” Grinnell for 18 years. Specify “General Alloys Alloy Parts’ on 

your next furnace, and get those extra years of service, with little orno 
ional cost. We have many new developments in furnace mechanisms _ 


which you should know about, consult us before you ~ that next furnace. 


If you think our claims extravagant, we'll show you the a 


oy in service. 


FLOWN AND PHOTOGRZ 
H. H. HARRIS 
COMPANY, BOSTON, MASS 


| 
Sh! > > ~ > ij 


PONTIAC - FLINT - SAGINAW 


BAY CITY 


Flise Sa , Ba 

We will reprints of this SKYVIEW 
SUPPLEM res 1 to any Member of A.S.M., of 
to anyone writing on his company letterhead. 

If is shown in these , and 
executive, we will send with our compliments an 


bby 10 of your plant suitable for 


MATLEABLE 6.M. 


> 


"CHEVROLET FOUNDRY — 


all wth. THE LONGEST SUPREME COMBUSTION MUFFLE 


~ 
ttle Da said the Rabbit T 
~awted the orcupine HIS gas-tight muMe is the “Guts” of the longest gas carburizer ever built, and is now being installed in the latest 
Surface Combustion Furnace Photographed in General Alloys Plant Wall section variation in this cast 
a. . ing is less than in any of this type ever produced, which uniformity, plus General Alloys Quality, should Insure ua 
usual service 
Surxrace Combustion Corporation gladly paid General Alloys Company several cents more per pound for this muffle, 


sfrom .04 to .06 carbon have than “Cheap” alloy makers prices, which extra quality is the cheapest insurance ever written on alloy General 
: ci f P Alloys stands square ly behind their produc ts Furnace Enginee rs. Furnace Salesmen and Furnace Buvers know 
that. Specify Genera oys parts in your furnaces, insure dependability, save headaches 


e conning-tower rings, to 
. with the hinges and bolt 


st integral. Inherently clean 


R T oO T Ss A, Consulting Engineer for 
s the outstanding character- Americ: I Te 
LL TYPES American Interests I went 
fGeneral Alloys foundry-prac- A very thoroughly into Dirigi- i 
upled with an antec to di- AND SIZES bles, nearly purchased for 
beyond reasonable ex] photo-engray trans-Atlantic service the 
er’s — comm R-100. Commander Burnev’'s <i} 
y lin t this casting when he spiral-tube-girder  dirigible 
Zeppe rag- i at black . 
von Hindenburg Zeppelin which was built for the Bri- 
ys surprising only in that it trast. He also forgot tish Conservative Govern- 
ong riend of to press the young 
long man’s pants ment, and left complete 
o cr n her wired, ‘yman will 
who in its hangar when the La- 
t riding the biggse tube two borites went into power and 
ver eters une an omse 
er built . ern like this one is in built the misegenation 
d, the late General, Sir Sef- triguing. Add to that known as R-101. the wreck 
inker, who commanded Bri- an internal spiral 
feed screw and of which erased the best men 
orees during the war, Was game exciting, 
t Civil A - ' ; calls for New Eng in the Royal Air Corps. ‘ 
0 ivi Viation when ic land Craftsmen 
s death in the tragic wreck We make retorts of me Gaverament wouldn't 
all types and sizes complete Burney’s ship and 
of the British Dirigible for high temperature 
\\ Affecti tel kn 1 and corrosion resist- finally blocked his sale of it x 
ectronately Owl as ant applications, to 
x ky,” his visit to America and operate at lowest to Americans. One of the 
cost-per-heat-hour of catches was at that time, the 
turn visit in London, bring service. 
bo emories. Seated in Gertrude only hangar in the world J 
ce roo i 
would house her, was i : 
eatre, his high power monocle 
ale England. It would have cost 
g, he was arg air- 
ith Cari Fritsche ‘Scanian as much to stable the nag as 
ae a to buy her. The low down 
it's All Metal Dirigible. “But 
will is: Helium is safe but cuts 
ij droge 
with the same load than the pay load below that 
‘ in Helium = ships,” said which can be carried by Hy- 
ky.” “Admitted,” said Carl, Grogen so greatly as to 
me spark they will fly much change the whole economic 
. set-up. 
In the event of war it is 
ihe ripples in water at bottom rT 
picture probable that any military 
power would discard He- 
lium, use Hydrogen, risking 
inflammability to get the 
greatly increased bomb car- 
rving capacity, and the 
greater fuel load for an en- 
larged cruising range. 
(Continued on Page 8 
Combustion tube heating 
elements, known as “Radiant 
Tubes” on the right are eliptical i 
in cross section and scientifically é 
contoured to secure a uniformity " 


and intensity of heat distribution 
previously unknown These tubes 
are being installed in the most un 
usual enameling furnace ever built 
for one of the highest quality 
enameling concerns in America, by 
the Surface Combustion Corpora 
tion This thoroughly engineered 
job is far advanced over the usual 
“Burner stuck in a tube” type of 
radiant tube installation. Sub- 
stantial cast G.A. tubes give long, 
dependable life. 


Ye 
» 
4 
Ay 
weigh approrimately 0 tbs. thece hinge 5.rail Wav will weich sats | 


RTEEN Years of experience with thagan Rotary Hearth Furnaces, 
equipt with Q-Alloy and N-ite hearths, have proven to a score of indus 


tries the dependability, economy, and production capacity of this type 
HAGAN furnace Alloy hearth plate life usually runs from five to ten 


years depending on grade, temperature, and usage 


| OPERATING DATA 


Bus fixed and tilting automatic discharge segmental hearth types in 
“u variety of sizes and capacities are available for everything from an 


nealing forgings to box carburizing. 


Operation-Hardening Mise. small forgings 
Py pe Rotary Hearth, Automatic Discharge 
Production Ibs. per hour 


Operating Temperature 

Fuel —Electricity 

Drive Hearth and Door Drives motor automatic Hearth movement, 
dumping of trays and door operation all under control of automatic 
repeating process instruments, 


UNEQUALLED 
FOUNDRY PRACTICE 


I: you are interested in American Craftsmanship, write for 
our Bulletin No. 1, which shows the greatest variety, intri- 
cacy, and metallurgical range 
of castings ever produced by 
any plant anywhere. 


SEND US YOUR INQUIRIES FOR 
CORROSION RESISTANT 
CASTINGS 


T A.S.M. had a fine meeting at 
Battelle Memorial Institute in Colum- 
bus, where | got a kick out of finding 
my old piece on “FERRO-MANI 


REIUM” hanging in Dr. Gillett’s of- 


fice. Tl have to reprint that soon 
‘or the new generation of rising 
Metallurgists. 


T long Frigidaire plant at 
Morraine gave me a tough battle. 
When I'd get up high enough to pho- 
tograph it I'd get into the clouds. and 
when | came down, it wouldn't fit 
in the camera. finally it 
through a hole. 


Speaking of air-photos, L. W. Kohls 
Surface Combustion Erection Engi- 
neer, can lake it. | had him up for 
an hour and a= half shooting the 
Whole town of Rochester, and stall 
ing the ship every shot for over a 
hundred stalls in a high wind. That 
boy will make a pilot. 


Te Eades Bridge, St. Louis, is so 
charged with static that you get an 
inch long spark when you pay toll. 
A swell idea to extend to tax collec- 
tors generally, if Polarity re- 
versible. 


T human-skin-tannery story came 
to light again recently when I en- 
countered a Doctor with a medicine 
ease of Human Skin. The choicest 


CARBURIZING 
POTS — BOXES — TUBES— 
RETORTS — MUFFLES 


THE MOST. ° 
COMPLETE 
DESIGN * 
SELECTION 
BACKED BY 
UN=QUALLED 
EXPERIENCE 
= = along I felt a bum 
- over a log, something you 
a airplane, so put in at the 
: —— to find one of my “Tail wire 
2 post brace wires, hanging 
on a thread, from fatigui 
= _ he —— had a micrograph made, sh 
structure, reproduced her 
wire was installed. rh the 
go. As I was taking o! 
port, the Tower radio ope! 
“Your tail feathers are hangin 
= to Radio! I scrapped all wee 
my = tings, installed nev 
VE T ne New Gout 
lished a beautifully illustrat 


part of the hide comes 


shoulders to butt 
buried face up, fully « 
corpse could serve a us 
by donating hide that 
be missed, might even hy 
gling student complet 


You can kid any undertal 


this “By-Product” of his | 
start a merry argument. 1 


when you say, “That's 
tail.’ 


Drop us a line and \ gia 
copy. 


NEW YORK AGO DETROIT PITTSBURGH OHIO 
Fulton Street 80 E, Blvd, 4-137 General F. Bender H. G. Chase, Dist. Mgr. Hal W. Reynolds 
Motors Bldg. 112 Thompson Drive 199 W. Main St. 3346 Superior Ave. 1° 


North Hills, Pittsburgh Alliance 
ST. LOUIS WEST HARTFORD, CONN. MILWAUKEE BUFFALO RICHMOND. VA. SAN FRANCISCO 


Randolph Wohltman 716 Farmington Ave. Cc. R. Slensby 812 Tacoma Ave. J. F. Leonard - Cc 
512 


315 No. Seventh St. 1412 Bankers Bidg. 3414 Noble Ave. 


SND ATK ' cyt | as US ™M JFACTURER, © he e 


CLEVELAND 


aig Alexander 
an Ness Ave. 


YN 


Wit 
Ae 
| 
| 
| B: ‘ON, MAS a 
& MASS... Ave 
AMPAIGN, 
OLDFSTy 


were, 


